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Publisher's Foreword 


This 7th edition of the Gtig/ ScUtitific TabUs pursues the 
aim of earlier editions, namely to provide doctors and bi- 
ologists with basic data in a concise form and thus spare 
them much searching in the literature. 

In the 6th edition the main changes from the prcviousedi- 
tion consisted of an extension of the mathematical, physical 
and chemical data and a new chapter devoted to biochem- 
istry; in this edition the principal difference is the greatly 
expanded medical part of the book. The increasing extent 
to which physical, physicochemical and biochemical meth- 
ods are finding application in medicine has resulted in the 
last few years in an immense accumulation of new data 
whose proper evaluation can be undertaken only by spe- 
cialists. For this reason we have been compelled in this edi- 


tion to enlist the cooperation of outside experts to a much 
greater degree than in the past. Here we would like to thank 
all those who have contributed in this way - whether in the 
form of original article or expert advice — for their invalu- 
able help. Their names arc listed overleaf. 

We would also like to express our appreciation once 
again of the assistance of all those who have made sug- 
gestions or drawn out attention to errors. If we have been 
ufuhle to adopt all the suggestions put to us, this has been 
due to the limits set us by the physical compass of the 
SiitnUfic Tabid. Users can rest assured that we shall con- 
tinue to do our best to meet their wishes in the future. 

J.R.GEIGYS.A., Basle 


Editors' Foreword 


All the fields covered by the 6th edition of the Stitniifit 
TablttiK again represented in this new edition with the ex- 
ception of ‘Infectious Diseases', the chapter on which ap- 
pears separately as a supplement. The thoroughgoing re- 
\ ision of the remaining ehapeets has resulted in a number 
of major changes, of which the following are worthy of 
special mention 

The data on units of measurement and the physical con- 
stants take account of decisions and recommendations 
adopted by the various international commissions up to 
Match 1969, in particular those concerned with the intro- 
duction of the International System of Units The adoption 
of the unified scale of atomic weights based on the isotope 
carbon-12 has involved the recalculation of molecular 
weights throughout the book In (he physicochemical part 
of (he book a chapter on pH standards has been added, 
and the data on buffer solutions have been recalculated to 
the pH scale of the National Bureau of Standards. 

‘Oiochetnistry’ has been greatly enlarged, particularly by 
the inclusion of more data on nucleic acids and protein and 
fatty-acid synthesis as well as by the addition ofa new chap- 
ter on ‘Inborn Errors of Metabolism’ Throughout this sec- 
tion - as in the other sections - the recommendations on 
nomenclature made bv the International Union ofPurcand 


AppliedChemistryandthcIntemaeional Union ofBiochem- 

istry have been largely adhered to 
In the section on nutrition due regard has been paid to 
the considerable advances made m recent years In knowl- 
edge of the nutritional significance of the vitamins; and 
important new sources have been utilized m revising the 
data on the composition of foods 
Of the chapters comprising the section on 'Compoiinon 
,nd Fmciions ot tht Body', ,ho„ on tko composition of 
the body, fcnal function and respiration in particular have 
been ercatly evtended Uodet tl,: heading of body fluid, 
the subiece of blood enaymes has been given much more 

ihoroughtieatmettl, and chapters on the synovial fluid and 

sweat have been added 


unuec bony measutemtrns the normal data of pregnancy 
have been completely tevised, and the diap.er now 
dudes ublcs of weights of the organs 
The final section of the book ,S now that on hormone 
an arrangement that has permuted the indn„„„ of ' 
endoetmologtcal data from ,h,s raptdly advancing 
field than would otherwise have been possible ^ 


K. Diem 
C Lentner 
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Notes for the guidance of users 


Apart from the main contents (above) and general index (pages 
765 et scq.) the user will find the contents of the chapter on ‘Statis- 
tical Methods’ on page 145, that of the chapters on ‘Constituents of 
Living Matter’ and ‘Metabolism’ on page 307 ; in addition there is 
a separate detailed index to the chapter on ‘Statistical Methods’ on 
pages 197-198. 

Zero values arc indicated by the figure 0 throughout the book. 
A dash (-) signifies that the value is unknown, and this sign should 
on no account be interpreted as a zero value. 

As a rule, the meanings of symbols and abbreviations are given 
where they first occur. For units of measurement an alphabetical 
list is available on page 199. 

In the numerical tables, a point over the last figure (or figures) 
indicates a recurring figure (or figures), thus 

1.6 = 1 . 666666 ... 

1.65278 =1.65278278278... 

In general the number of places given has been dictated by the 
space available. The user should abstract as many as he needs and 
round off accordingly. 


Exact values have been distinguished from rounded-off v.alues 
by printing the last figure in bold-face type. Thus, 1.1257 would 
be the rounded-off value of, say, 1.1257354 . . ., while 1.1257 is an 
exact number. This notation is used in particular for the arbitrarily 
defined values of constants. 

When they have been calculated according to statistical proce- 
dures (usually as mean value ± 2 standard deviations), normal 
ranges are given under the heading *95% range’ (note that this 
practice differs from that adopted in previous editions). 

For obvious reasons we have had to restrict bibliographical ref- 
erences to a representative selection of recently published original 
papers and reviews. In fields where research activity is currently 
high a rather fuller bibliography is given. The abbreviations used 
in the literature references arc those recommended by the 
UNESCO and WHO (lT~or/d Mtdica! P tried seals. World Medical 
Association, New York, 1961). 

Additional copies of the Folia medica Grigs in the inside back cover 
of this book may be obtained by application to J.R. Geigy S.A., 
CH-4000 Basle 18, Switzerland. 
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Natural Logarithms* 0.000— 0.999 
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-0.28768 
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-0.16252 
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-2.25379 

-2.24432 

18037 

17156 

16282 

15417 

09557 

08747 

07944 

07147 

01741 

00992 

00248 

-1.99510 

-1.94491 

-1.93794 

-1.93102 

92415 

-1.87732 

-1.87080 

-1.86433 

-1.85790 

81401 

80789 

80181 

79577 

75446 

74870 

74297 

73727 

69827 

69282 

68740 

68201 

64507 

63990 

63476 

62964 

-1.59455 

-1.58964 

-1.58475 

-1.57988 

54646 

54178 

53712 

53248 

50058 

49611 

49165 

48722 

45672 

45243 

44817 

44392 

41469 

41059 

40650 

40242 

-1.37437 

-1.37042 

-1.36649 

-1.36258 

33560 

33181 

32803 

32426 

29828 

29463 

29098 

28735 

26231 

25878 

25527 

25176 

22758 

22418 

22078 

21740 

-1.19402 

-1.19073 

-1.18744 

-1.18417 

16155 

15836 

15518 

15201 

13010 

12701 

12393 

12086 

09961 

09661 

09362 

09064 

07002 

06711 

06421 

06132 

-1.04129 

-1,03846 

-1.03564 

-1.03282 

01335 

01060 

00786 

00512 

-0,98618 

-0.98350 

— 0,98083 

-0.97817 

95972 

95711 

95451 

95192 

93395 

93140 

92887 

92634 

—0.90882 

-0.90634 

-0.90387 

-0.90140 

88431 

88189 

87948 

87707 

86038 

85802 

85567 

85332 

83702 

83471 

83241 

83011 

81419 

81193 

80968 

80744 

-0.79186 

-0.78966 

-0.78746 

-0.78526 

77003 

76787 

76572 

76357 

74866 

74655 

74444 

74234 

72774 

72567 

72361 

72155 

70725 

70522 

70320 

70118 

-0.68717 

-0.68518 

-0.68320 

-0.68122 

66748 

66553 

66359 

66165 

64817 

54626 

64435 

64245 

62923 

62736 

62549 

62362 

61065 

60881 

60697 

60514 

-0.59240 

-0.59059 

-0.58879 

-0.58699 

57448 

57270 

57093 

56916 

55687 

55513 

55339 

55165 

53957 

53785 

53614 

53444 

52256 

52088 

51919 

51751 

-0.50584 

-0.50418 

-0.50253 

-0.50088 

48939 

48776 

48613 

48451 ’ 

47321 

47160 

47000 

46840 

45728 

45571 

45413 

45256 

44161 

44006 

43850 

43696 

-0.42618 

—0.42465 

-0.42312 

-0.42159 

41098 

40947 

40797 

40647 

39601 

39453 

39304 

39156 

38126 

37980 

37834 

37688 , 

36673 

35528 

36384 

36241 1 

-0.35240 

-0.35098 

-0.34956 

-0.34814 

33827 

33687 

33547 

33403 

32435 

32296 

32158 

32021 ’ 

31061 

30925 

30788 

30653 

29706 

29571 

29437 

29303 ; 

-0.28369 

-0.28235 

—0.28104 

-0.27971 - 

27050 

26919 

25788 

26657 ; 

25748 

25618 

25489 

25360 1 

24462 

24335 

24207 

24080 j 

23193 

23067 

22941 

22816 i 

-0.21940 

-0.21816 

-0.21691 

-0.21567 

20702 

20579 

20457 

20334 

19480 

19358 

19237 

19116 ' 

18272 

18152 

16032 

17913 

17079 

16960 

16842 

16724 

-0.15900 

-0.15782 

-0.15655 

-0.15548 

14734 

14518 

14503 

14387 

13582 

13467 

13353 

13239 

12443 

12330 

12217 

12104 

11317 

11205 

11093 

10981 

—0,10203 

-0.10093 

—0.09982 

-0.09872 

09102 

08992 

08883 

08774 

0S013 

07904 

07796 

07688 

06935 

1 06828 

06721 

06614 

05869 

1 05763 

05657 

05551 

—0.04814 

1 -0,04709 

—0.04604 

-0.04500 

03770 

1 03666 

03563 

03459 

02737 

02534 

02532 

02429 


0.007 

0.008 

0.009 

-4.96185 

-4.82831 

-4.71053 

-4.07454 

-4.01738 

-3.96332 

-3.61192 

-3.57555 

54046 

29684 

27017 

24419 

05761 

03655 

01593 

-2.86470 

-2.84731 

-2.83022 

70306 

68825 

67365 

56395 

55105 

53831 

44185 

43042 

41912 

33304 

32279 

31264 

-2.23493 

-2.22562 

-2.21641 

14558 

13707 

12863 

06357 

05573 

04794 

-1.98777 

-1.98050 

-1.97328 

91732 

91054 

90381 

-1.85151 

-1.84516 

-1.83885 

78976 

78379 

77786 

73161 

72597 

72037 

67665 

67131 

66601 

62455 

61949 

61445 

-1.57504 

-1.57022 

-1.56542 

52786 

52326 

51868 

48281 

47841 

47403 

43970 

43548 

43129 

39837 

39433 

39030 

-1.35868 

-1.35480 

-1.35093 

32051 

31677 

31304 

28374 

28013 

27654 

24827 

24479 

24133 

21402 

21066 

20731 

-1.18091 

— 1.17766 

-1.17441 

14885 

14570 

14256 

11780 

11474 

11170 

08767 

08471 

08176 

05843 

05555 

05268 

-1.03002 

-1.02722 

-1.02443 

00239 

-0.99967 

—0.99696 

-0.97551 

97286 

97022 

94933 

94675 

94418 

92382 

92130 

91879 

-0.89894 

-0.89649 

-0.89404 

87467 

87227 

86988 

85097 

84863 

84630 

82782 

82554 

8326 

80520 

80296 

80073 

-0.78307 

-0.780S9 1 

-0.77871 

76143 

75929 > 

75715 

74024 

73814 i 

73605 

71949 

71744 1 

71539 

69917 

69716 , 

69515 

-0.67924 

-0.67727 

-0.67531 

65971 

65778 

65585 

64055 

63866 ' 

63677 

62176 

61990 

61804 

60331 

60148 1 

59966 

-0.58519 

-0.58340 i 

-0.58161 

56740 

56563 ; 

56387 

54991 

54818 1 

54645 

53273 

53103 ' 

52933 

S1584 

51416 ) 

51249 

-0.49923 

-0.49758 1 

-0.49594 

48289 1 

48127 I 

47965 

46681 1 

46522 1 

46352 

45099 

44942 1 

44785 

43541 

43386 ; 

4332 

-0.42007 

-0.41855 ' 

-0.41703 

40497 - 

40347 

40197 

3900S 

38351 ' 

38713 

37542 

37397 

37251 

36097 ' 

35954 

35810 

— 0.34672 1 

-0.34531 1 

-0.34390 

33268 i 

33129 ' 

329S9 

31883 : 

31745 i 

31608 

30517 

303S1 

30246 

29169 1 

29035 \ 

28902 

-0.27839 i 

-0.27707 ! 

-0.27575 

26527 

26397 ’ 

26265 

25231 ■ 

25103 

24974 

23953 , 

23826 

3699 

22690 

22565 

3439 

-0.21443 1 

-0.21319 

-0.21196 

20212 

200S9 ' 

19967 

18995 . 

18874 : 

18754 

17793 ' 

17674 ' 

17554 

16605 

164S7 

16370 

-0.15432 i 

-0.15315 ■ 

-0.15199 

14272 

14156 ! 

14041 

13125 

13011 

12S97 

11991 

11678 1 

11766 

10370 ' 

10759 

10647 

-0.09761 1 

-0.09651 ; 

-0.09541 

08665 ; 

08556 . 

08447 

07580 

07472 

07365 

06507 : 

06401 ' 

06294 

05446 ^ 

05340 1 

0535 

-0.04395 i 

-0.04291 1 

-0.04186 

03356 ' 

03252 : 

03149 

02327 1 

m "inn 

02225 1 

moriT 1 

02122 

mm/: 












Natural Logarithms* 1.00—9.99 


13 


0.40547 
47000 
53063 
58779 
64185 
0 69315 
74194 
78846 
83291 
87547 

0 91629 
9S551 
99325 

1 02%2 
06471 

109861 

16315 
19392 
22378 
t 25276 
28093 
3Q833 
33500 
36098 
138629 
41099 
43508 
45962 
48160 
1 50408 
52606 
54756 
56862 
58924 
1 60944 
62924 
64866 
66771 
68640 
1 70475 
72277 
74047 
74786 
77495 
1 74176 
(0829 
82455 
8405$ 
85630 


0 00995 I 
10436 
19062 
27003 
34359 
0 41211 
47623 
53649 
S9333 
64710 
0 69813 
74669 
79299 
83725 
87963 

0 92028 
93935 
99695 

1 03318 
06815 

1 10194 
13462 
16627 
19695 
22671 
125562 
28371 
31103 
33763 
36354 
1 38879 
41342 
43746 
46094 
48387 
1 50630 
52823 
54969 
57070 
59127 
161144 
63120 
65058 
66959 I 
68825 

1 70656 I 
72455 1 

74222 ( 

75958 
77665 ( 

1 79342 I 
80993 
82616 
84214 
85786 


90211 

91692 

93152 


1.94734 

96150 

97547 

99924 

2.00283 


11333 
198SS 
27763 
35066 
0 41871 
48243 
54232 


070310 

75142 

79751 

84157 

88377 

0 92426 
96317 

100063 

03674 

07158 

1 10526 
11783 
16918 
19996 
22964 

1 25846 
28647 
11172 
34025 
36609 
U9128 
41585 
43984 


1 50851 
53039 
55181 
57277 
59331 
1 61343 
633IS 
65250 
67147 
69010 
1 70838 
72633 
74397 
76130 
77834 
179509 
81156 
82777 
84372 
65942 
1 87487 
89010 
90509 


2 01757 
03078 
04391 


2.14124 

15292 

14447 


0 02956 
12222 
20701 
28518 
35767 
042527 
48858 
54812 
60432 
65752 


14101 
17248 
20297 
23256 
1 26130 
28923 
11641 
34286 
36864 
139377 
41838 
44230 
46557 
48840 
1 51072 
$3256 
55393 
57485 
59534 
1 61542 I 
63511 I 
65441 , 

67335 I 
69194 I 

1 71019 

72811 ' 

74572 I 
76302 ' 

76002 

17967$ 

81319 

82938 

84530 

86097 

187641 

89160 

90658 

92132 

93586 

195019 

96431 

97824 

9919S 

2 00553 


04511 

05796 

07065 


010922 
13103 
21511 
29267 
36464 
043178 
49410 
55389 
60977 
66269 
0 71295 
76081 
80648 
8501S 
89200 
0 93216 
9707B 
100196 
04380 
07841 
1 11186 
14422 
I7S57 
20597 
23547 
126413 
29198 
31909 
34547 
37118 
139624 
42070 
44456 
46787 
49065 
151293 
53471 
55604 
$7691 
59737 
1 61741 
63705 
65632 
67523 
69378 
1 71199 
72988 
74746 
76473 
78171 
179840 
81482 
83098 
84688 
86253 
187794 
89311 
90806 
92279 
93730 
195161 
96571 
97962 
99334 
20D6S7 
20202Z 
03340 
04640 


2 08443 
09679 
10900 


214476 

15640 

16791 


2 20166 
21266 
22354 
23431 
24496 


004879 

13976 

22314 

30010 

37156 

043825 

50078 

55962 

61519 

66783 

071784 

76547 

81093 

BS442 

89609 

093609 

974S6 

101160 


111514 

14740 

17865 


32176 

34807 

37372 

139872 

42311 

44692 

47018 

49290 

1 51513 
53687 
55814 
57898 
59939 
1 61939 
63900 
65823 


74920 

76644 

78339 

180006 

81645 

83258 

84845 


90954 

92425 

93874 

19S303 

96711 

98100 


2 02155 
03471 
04769 
06051 
07317 
2(ns67 
09902 
11021 
I2Z26 
13417 
2 14593 
15756 
16905 
18042 
19165 
2 20276 
21575 
22462 
2)553 
24401 


0 05827 
14S42 
23II1 
30748 
37844 
0 44469 
50682 
56531 
62058 
67294 
0 72271 
77011 
8IS36 
BS866 


101513 
05082 
08519 
1 11841 
15057 
18173 


1 26976 
29746 
32442 
35067 
37624 
140118 
42552 
44927 


$6025 
58104 
60141 
1 62137 
64094 
66013 
67896 
69745 
171560 
73342 
75094 
76815 
78507 
1 80171 
81808 
83418 


I 88099 
89612 
91102 
92571 


96851 

98238 

99506 


09924 

11142 

12346 

13535 


2 25654 
26696 
TITO 


0 06766 
15700 
23902 
3I48I 
38S26 
0 45108 
51282 
57098 
62594 


90422 

094391 


1 12168 
15373 
18479 
21491 
24415 
1 27257 
30019 
32708 
3532$ 
37877 
1 40364 
42702 
45161 
47416 
49739 
1 519<t 
$4116 
$6235 
$8309 
60342 
1 82334 
642(7 
66203 


1 71740 
73519 
75267 


81970 
83578 
85160 
86718 
1 88251 
89762 
91250 
92716 
94162 

1 95586 
96991 
98376 
99742 

2 010S9 
2 02419 

03732 

05027 

06306 


11263 

12465 

13653 


17134 
19267 
19389 
2 20497 
21504 
22678 
23751 
24955 
2 25853 
26903 
27932 
28950 


0 07696 
16551 
24686 
32208 
39204 
0 45742 
51879 
57661 
63127 
66310 
0 73237 
77932 
82418 
86710 
90826 

0 94779 
9(582 

102245 

05779 

09192 

1 12493 
15688 
18784 
21788 
24703 

1 27536 
30291 
32972 
35584 


43031 

45395 

41105 

49962 


1 62531 
64481 
66393 


111919 
1S69S 
75440 
77156 
78842 
1 80500 
82132 
83737 
85317 
86872 
1 88403 
89912 
9I39B 
92862 
94305 

1 95727 
97130 
98513 
99877 

2 01223 
2 02551 

03862 
05156 
06433 
07694 
2 08939 
10159 
11334 
12585 
13771 
ZU943 
16102 
17248 
183«0 
19500 


17395 
25464 
32930 
39878 
0 46373 
52473 
58222 
63658 
68313 
0 73716 
78390 
82855 
87129 
91228 
0 95166 
98954 
102W4 


1 27815 
30563 
33237 
35841 
38379 
1.40854 
43270 
45629 
479» 
$0185 
I 52388 
54543 
56653 
58719 
60744 
162728 
64675 
66582 
6645$ 
7029$ 
1 72098 
75811 
75613 
77326 
79009 
1 80665 
82294 
85896 
85473 
87026 


91545 
93007 
94448 
1 95869 
97269 
98650 
2.0M13 

2 02685 
03992 
05284 
06560 
07819 


215060 

16217 

17361 

18493 

19611 


' To find ilie [UTanl (log.) of g num 

or gTfiitr I'lW* • fiumbet giTtn in the ««ble 

6'p. 10, 2 log, 10. 3 log. 10. tie , if the numbf t e<w»fn«d 


ftpover nf ten leu 


luon (10>). lOQ timet (10>). 1000 ti 
•og. 10. 2 lofe 10 . 3 log. 10 etc. E 
log. 2000 = log, 200 4- log. 1 0 


2,26072 

27109 

28136 

29152 
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Natural Logarithms’*' 10.0—99.9 


.V 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

j 0.9 

10.0 

11.0 

12.0 

13.0 

M.O 

: j 

2.31254 

40695 

49321 

57251 

64617 

2.32239 

41591 

50144 

58022 

65324 

2,33214 

42480 

50960 

58775 

66026 

2.34181 

43361 

51770 

59525 

66723 

2.35138 

44235 

52573 

60269 

67415 

2.36085 

45101 

53370 

61007 

68102 

2.37024 

45959 

54160 

61740 

68785 

2.37955 

46810 

54945 

62467 

69463 

2.38876 

47654 

55723 

63189 

70136 

15.0 

16.0 

17.0 


2.71469 

77882 

83908 

2.72130 

78501 

84491 

2.72785 

79117 

85071 

2.73437 

79728 

85647 

2.74084 

80336 

86220 

2.74727 

80940 

86790 

2.75366 

81541 

87356 

2.76001 

82138 

87970 

2.76632 

82731 

IU!4Fin 

16.0 


89591 

90142 


91235 

91777 

92316 

92852 

93386 

93916 

19.0 

94444 

94969 

95491 


96527 

97041 

97553 

98052 

98568 

99072 

20.0 

2.99573 


3.00568 

3.01062 

3.01553 

3.02042 

3.02529 

3.03013 

3.03495 

3.03975 

21.U 


Kivni 


05871 


06805 

07269 

07731 

08191 

08649 

22.0 

UV1U4 

09558 


10459 


11352 

11795 

12236 

12676 

13114 

23.0 

13549 

13983 

14415 

14845 

15274 

15700 

16125 

16548 

16969 

17388 

24.0 

17805 

18221 

18635 

19048 

19458 

19857 

20275 

20680 

21084 

21487 

25.0 

3.21888 

3.22287 

3.22684 

3,23080 

3.23475 

3.23868 

3.24259 

3.24649 

3.25037 

3.25424 

20.0 

25810 

26194 

26576 

26957 

27336 

27714 

28091 

28466 

28840 

29213 

27.0 

29584 

29953 

30322 

30689 


31419 

31782 

32143 

32504 

32863 

28,0 

33220 

33577 

33932 

34286 

34639 

34990 

35341 

35690 

36038 

36384 

29.0 


37074 

37417 

37759 


38439 

38777 

39115 

39451 

39786 

30.0 

3.40120 

3.40453 

3.40784 

3.41115 

3.41444 

3.41773 

3.42100 

3.42426 

3.42751 

3.43076 

31,0 

43399 

43721 

44042 

44362 

44681 

44999 

45316 

45632 

45947 

46261 

32.0 

46574 

46886 

47197 

47507 

47816 

48124 

48431 

48738 

49043 

49347 

33.0 

49651 

49953 

50255 

50556 

50856 

51155 

51453 

51750 

52046 

52342 

34.0 

52636 

52930 

53223 

53515 

53806 

54096 

54385 

54674 

54962 

55249 

.35.0 

3.55535 

3.55820 

3.56105 

3.56388 

3.56671 

3.56953 

3.57235 

3.57515 

3.57795 

3.58074 

36.0 

58352 

58629 

58906 

59182 

59457 

59731 

60005 

60278 

60550 

60821 

37.0 

61092 

61362 

61631 

61899 

62167 

62434 

62700 

62966 

63231 

63495 

38.0 

63759 

64021 

64284 

64545 

64806 

65066 

65325 

65584 

65842 

66099 

39.0 

66356 

66612 

66868 

67122 

67377 

67630 

67883 

68135 

68387 

68638 

40.0 

3,68888 




3.69883 

3.70130 

3.70377 

3.70623 

3.70868 

3.71113 

41.0 

71357 


71844 

72086 

72328 

72569 

72810 

73050 

73290 

73529 

42.0 

73767 


74242 

74479 

74715 

74950 

75185 

75420 

75654 

75S87 

43.0 

75120 


76584 

76815 

77046 

77276 

77506 

77735 

77963 

78191 

44.0 

78419 

78646 

78872 

79098 

79324 

79549 

79773 

79997 

80221 

80444 

45.0 

3.80666 

3.80888 

3.81110 

3.81331 

3.81551 

3.81771 

3.81991 

3.82210 

3.82428 

3.82647 

46.0 

82864 

83081 

83298 

83514 

83730 

83945 

84160 

84374 

84588 

84802 

47.0 

85015 

85227 

85439 

85651 

85862 

86073 

86283 

86493 

86703 

86912 

48.0 

37120 

87328 

87536 

87743 


88156 

88362 

88568 

88773 

88978 

49.0 

89182 

89386 

89589 

89792 

89995 

90197 

90399 

90600 

90801 

91002 

50.0 

3.91202 

3.91402 

3.91602 

3.91801 

3.91999 

3.92197 

3.92395 

3.92593 

3.92790 

3.92986 

51.0 

93183 

93378 

93574 

93769 

93964 

94158 

94352 

94546 

94739 

94932 

52.0 

95124 

95316 

95508 


95891 

96081 

96272 

96462 

96651 

96840 

53.0 

97029 

97218 


97594 

97781 

97968 

98155 

98341 

9S527 

98713 

54.0 

93898 

99083 

99268 

99452 

99636 

99820 

4.00003 1 

4.00186 

4.00369 j 

4.00551 

55.0 

4.00733 

4.00915 

4.01096 

4.01277 

4.01458 

4.01638 

4.01818 1 

4.01998 1 

4.02177 

4.02356 

56.0 

02535 

02714 

02892 

03069 

03247 

03424 

03601 1 

03777 

03954 

04130 

57.0 

04305 

04480 

04655 

04830 

05004 

05178 

05352 

05526 1 

05699 

05872 

58.0 

06044 

06217 

06389 

06560 

06732 

06903 i 

07073 

07244 i 

07414 

07584 

59.0 

07754 

07923 

08092 

08261 

08429 

08598 

08766 1 

08933 1 

09101 

09268 

60.0 

4.09434 

4.09601 

4.09767 

4.09933 

4.10099 

4.10264 

4.10429 ; 

4.10594 1 

4.10759 

4.10923 

61.0 

11087 

11251 

11415 

11578 

11741 

11904 

12066 i 

12228 1 

12390 

12552 

62.0 

12713 

12875 

13036 

13196 

13357 

13517 

13677 1 

13836 1 

13996 

14155 

63.0 

14313 

14472 

14630 

14789 

14946 

15104 

15261 ' 

15418 i 

15575 

15732 

64.0 

15888 

16044 

16200 

16356 

16511 

16667 

16821 1 

16976 1 

17131 

17285 

65.0 

4.17439 

4.17592 

4.17746 

4.17899 

4.18052 

4.18205 

4.18358 ! 

4.18510 ! 

4.18662 

4.18814 

66.0 

18965 

19117 

19268 

19419 

19570 

19720 

19870 i 

20020 

20170 

20320 

67.0 

20469 

20618 

20767 

20916 

21055 

21213 

21361 - 

21509 ' 

21656 ; 

21804 

68.0 

21951 

22098 

22244 

22391 

22537 

22683 

22829 i 

22975 i 

23120 1 

23266 

69.0 

23411 

23555 

23700 

23844 j 

23989 

24133 

24276 j 

24420 i 

24563 j 

24707 

70.0 

4.24850 

4.24992 

4.25135 

4.25277 1 

4.25419 

4.25561 

4.25703 t 

4.25845 1 

4.259S6 

4.26127 

71.0 

26268 

26409 

26549 

26690 1 

26830 

26970 

27110 

27249 ' 

27388 

27528 

72.0 

27667 

27805 

27944 

28082 1 

28221 

28359 i 

28496 

28634 

28772 

28909 

73.0 

29046 

29183 

29320 

29456 1 

29592 

29729 ' 

29865 : 

30000 [ 

30136 

30271 

74.0 

30407 

30542 

30676 

30811 1 

30945 

310S0 : 

31214 ' 

31348 { 

31482 

31615 

75.0 

4.31749 

4.31882 

4.32015 

4.32149 

4.32281 

4.32413 ■ 

4.32545 

4.32678 1 

4.32810 

4.32942 

76.0 

33073 

33205 

33336 

33467 

33598 

33729 

33860 1 

33990 i 

34120 ; 

34251 

77.0 

34381 

34510 

34640 

34769 

34899 

35028 , 

35157 ! 

35286 ! 

35414 

35543 

78.0 

35671 

35800 

35927 

36055 

36182 

36310 1 

36437 , 

36564 ■ 

36691 

36818 

79.0 

36945 

37071 

37198 

37324 

37450 

37576 ! 

37701 I 

37827 J 

37952 

3S07S 

80.0 

4.38203 

4.38328 

4.38452 

4.38577 

4.38701 

4.38826 ' 

4.38950 i 

4.39074 i 

4.39198 i 

4.39321 

81.0 

39445 

39568 

39692 

39815 , 

39938 

40060 1 

40183 

40305 1 

40428 ' 

40550 

82.0 

40672 

40794 

40916 

41037 1 

41159 

41280 ! 

41401 

41522 

41643 

41764 

83.0 

41884 

42004 

42125 

42245 1 

42365 

42485 1 

42604 , 

42724 ’ 

42843 . 

42963 

84.0 

43082 

43201 

43319 

43438 j 

43557 

43675 i 

43793 1 

43912 1 

44030 1 

44147 

85.0 

4.44265 

4.44383 

4.44500 

4.44617 

4.44735 

4.44852 1 

4.44969 ' 

4.45035 

4.45202 

4.45318 

86.0 

45435 

45551 

45667 

45783 

45899 

46014 i 

45130 , 

46245 1 

46361 1 

46476 

87.0 

46591 

46706 

46820 

46935 

47050 

47164 

47278 ! 

47392 ; 

47506 1 

47620 

88.0 

47734 

47847 

47961 

48074 

48187 

48300 

48413 1 

48526 ; 

48639 I 

48751 

89.0 

48864 

48976 

49088 

49200 

49312 

49424 

49536 1 

49647 . 

4975S 

49870 

90.0 

4.49981 

4.50092 

4.50203 

4.50314 

4.50424 

4.50535 1 

4.50645 

4.50756 

4.50S66 1 

4.50976 

91.0 

51086 

51196 

51305 

51415 

51525 

51634 ; 

51743 

51852 

51961 1 

52070 

92.0 

52179 

52287 

52396 

52504 

52613 

52721 ; 

52829 ; 

52937 

53045 1 

53152 

93.0 

53260 

53367 

53475 

53582 

53689 

53796 1 

53903 1 

54010 

54116 1 

54223 

94.0 

54329 

54436 

54542 

54648 1 

54754 

54860 ; 

54966 ; 

55071 ; 

55177 i 

55282 

95.0 

4.55388 

4.55493 

4.55598 

4.55703 ■ 

4.5580S 

4.55913 i 

4.56017 i 

4.56122 : 

4.56226 1 

4.56331 

96.0 

56435 

56539 

56643 

56747 1 

56851 

56954 1 

57058 

57161 

57265 

57368 

97.0 

57471 

57574 

57677 

57780 1 

57883 

57985 1 

58083 1 

5S190 

58292 1 

58395 

OR 0 

58497 

58599 

58701 

58802 1 


59006 I 

59107 i 

5920S ! 

59310 1 

59411 

99.0 

59512 

59613 

59714 

59815 1 

59915 1 

60016 1 

60116 1 

60217 

60317 1 

60417 


• To find the natural logarithm (log,) of a numhi-r -which is a power of tern less 
or greater than a number given in the table: if the number concerned is ktt, 
e.g.. Via (lO'V. Viaa (lO"*). Vioaa (lO'V. t:tc.,sul>lracl from the given logarithm 
loge 10, 2 log, 10,3 log, 10, etc.; if the number concerned is grra/rr, c.g., 10 


times (10*), 100 times (10*), 1000 times (10'), etc., eJit to the given logarithm 
log, 10. 2 log, 10, 3 log, 10. etc. Examples; log, 0.02 = log, 0.2 — loc, 10; 
log, 2000 = log, 200 + log, 10. 
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Natural Exponential Functions 


.V 

f* 




iX 

lofiloM 

g~x 


gX 

login {'=') 

j 

0.00 

O.OI 

0.02 

0.03 

0.04 

O.OS 

0.06 

0.07 

0.08 

0.09 

0.30 

O.ll 

0.12 

0.13 

0.14 

0.15 

0.16 

0.17 

0.18 

0.19 

0.20 

0,21 

0.22 

0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

0.29 

0.30 

0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.37 
0.38 
0.39 
0.40 
0.41 
0.42 
0.43 
0.44 
0.45 
0.46 
0.47 
0.48 
0.49 
0.50 
0.51 
0.52 
0.53 
0.54 
0.55 
0.56 
0.57 
0.58 
0.59 
0.60 
0.61 
0.62 
0.63 
0.64 
0.65 
0.66 
0.67 
0,68 
0.69 
0.70 
0.71 
, 0.72 
, 0.73 
; 0,74 
; 0.75 
■ 0.76 
0.77 
0.78 
0.79 
0.60 
0.81 
0.82 
0.83 
0.84 
0,85 
0.86 
0.87 
0.88 
0.89 
0,90 
0.91 
0.92 
0.93 
0.94 
0.95 
0.96 
0.97 
0.98 
0,99 

1.0000 

l.OIOI 

1.0202 

1.0305 

1.0408 

1.0513 

1,0618 

1.0725 

1.0833 

1.0942 

1.1052 

1.1163 

1.1275 

1.1388 

1.1503 

1.1618 

1.1735 

1.1853 

1.1972 

1.2092 

1.2214 

1.2337 

1.2461 

1.2586 

1.2712 

1.2840 

1.2969 

1.3100 

1.3231 

1.3364 

1.3499 

1,3634 

1.3771 

1.3910 

1.4049 

1.4191 

1.4333 

1.4477 

1.4623 

1.4770 

1.4918 

1.5068 

1,5220 

1.5373 

1.5527 

1,5683 

1.5841 

1.6000 

1.6161 

1.6323 

1.6487 

1.6653 

1.6820 

1.6989 

1.7160 

1.7333 

1.7507 

1.7683 

1.7860 

1.8040 

1.8221 

1.8404 

1.8589 

1.8776 

1.8965 

1.9155 

1.9348 

1.9542 

1.9739 

1.9937 

2.0138 

2.0340 

2.0544 

2.0751 

2.0959 

2.1170 

2.1383 

2.1598 

2.1815 

2.2034 

2.2255 

2.2479 

2.2705 

2.2933 

2.3164 

2.3396 

2.3632 

2.3869 

2.4109 

2.4351 

2.4596 

2.4843 

2.5093 

2.5345 

2.5600 

2.5857 

2.6117 

2.6379 

2.6645 

2.6912 

0.00000 

00434 

00869 

01303 

01737 

0,02171 

02606 

03040 

03474 

03909 

0,04343 

04777 

05212 

05646 

06080 

0.06514 

06949 

07383 

07817 

08252 

0.08686 

09120 

09554 

09989 

10423 

0.10857 

11292 

11726 

12160 

12595 

0.13029 

13463 

13897 

14332 

14766 

0.15200 

15635 

16069 

16503 

16937 

0.17372 

17806 

18240 

18675 

19109 

0.19543 

19978 

20412 

20846 

21280 

0,21715 

22149 

22583 

23018 

23452 

0.23886 

24320 

24755 

25189 

25623 

0.26058 

26492 

26926 

27361 

27795 

0.28229 

28663 

29098 

29532 

29966 

0,30401 

30835 

31269 

31703 

32138 

0.32572 

33006 

33441 

33875 

34309 

0.34744 

35178 

35612 

36046 

36481 

0.36915 

37349 

37784 

38218 

38652 

0.39087 

39521 

39955 

40389 

40824 

0.41258 

41692 

42127 

42561 

42995 

1.000000 

0.990050 

980199 

970446 

960789 

0.951229 

941765 

932394 

923116 

913931 

0.904837 

895834 

886920 

878095 

869358 

0.860708 

852144 

843665 

835270 

826959 

0,818731 

810584 

802519 

794534 

786628 

0.778801 

771052 

763379 

755784 

748264 

0.740818 

733447 

726149 

718924 

711770 

0.704688 

697676 

690734 

683861 

677057 

0.670320 

663650 

657047 

650509 

644036 

0.637628 

631284 

625002 

618783 

612626 

0,606531 

600496 

594521 

588605 

582748 

0.576950 

571209 

565525 

559898 

554327 

0.548812 

543351 

537944 

532592 

527292 

0.522046 

516851 

511709 

506617 

501576 

0.496585 

491644 

486752 

481909 

477114 

0.472367 

467666 

463013 

458406 

453845 

0.449329 

444858 

440432 

436049 

431711 

0.427415 

423162 

418952 

414783 

410656 

0.406570 

402524 

398519 

394554 

390628 

0,386741 

382893 

379083 

375311 

371577 

1 

^B 1 B 

1 B 

jiB 

t n 

^B [ 

^B 

1 

^B l^B 

^B * 
^BuB 

HS9 

■SB 

2.7183 

2.7456 

2.7732 

2.8011 

2.8292 

2.8577 

2,8864 

2.9154 

2.9447 

2.9743 

3.0042 

3.0344 

3.0649 

3.0957 

3.1268 

3.1582 

3,1899 

3.2220 

3.2544 

3.2871 

3.3201 

3.3535 

3.3872 

3.4212 

3.4556 

3.4903 

3.5254 

3.5609 

3.5966 

3.6328 

3.6693 

3,7062 

3.7434 

3.7810 

3.8190 

3.8574 

3.8962 

3.9354 

3.9749 

4.0149 

4.0552 

4.0960 

4.1371 

4.1787 

4.2207 

4.2631 

4.3060 

4.3492 

4.3929 

4.4371 

4.4817 

4.5267 

4.5722 

4.6182 

4.6646 

4.7115 

4.7588 

4.8066 

4.8550 

4.9037 

4.9530 

5.0028 

5.0531 

5.1039 

5.1552 

5.2070 

5.2593 

5.3122 

5.36 S 6 

5.4195 

5.4739 

5.5290 

5.5845 

5.6407 

5.6973 

5.7546 

5.8124 

5.8709 

5.9299 

5.9895 

6.0496 

6.1104 

6.1719 

6.2339 

6.2965 

6.3598 

6.4237 

6.4883 

6.5535 

6.6194 

6.6859 

6.7531 

6.8210 

6.8895 

6.9588 

7.0287 

7.0993 

7.1707 

7.2427 

7.3155 

0.43429 

43864 

44298 

44732 

45167 

0.45601 

46035 

46470 

46904 

47338 

0.47772 

48207 

48641 

49075 

49510 

0.49944 

50378 

50812 

51247 

51681 

0.52115 

52550 

52984 

53418 

53853 

0.54287 

54721 

55155 

55590 

56024 

0.56458 

56893 

57327 

57761 

58195 

0.58630 

59064 

59498 

59933 

60367 

0.60801 

61236 

61670 

62104 

62538 

0.62973 

63407 

63841 

64276 

64710 

0.65144 

65578 

66013 

66447 

66881 

0.67316 

67750 

68184 

68619 

69053 

0.69487 

69921 

70356 

70790 

71224 

0.71659 

72093 

72527 

72961 

73396 

0.73830 

74264 

74699 

75133 

75567 

0.76002 

76436 

76870 

77304 

77739 

0.78173 

78607 

79042 

79476 

79910 

0.80344 

80779 

81213 

81647 

82082 

0.82516 

82950 

83385 

83819 

84253 

0.84687 

85122 

85556 

85990 

86425 

oMim 

364219 

360595 

357007 

353455 

0.349938 

346456 

343009 

339596 

336216 

0.332871 

329559 

326280 

323033 

319819 

0,316637 

313486 

310367 

307279 

304221 

0.301194 

298197 

295230 

292293 

289384 

0.286505 

283654 

280832 

278037 

275271 

0.272532 

269820 

267135 

264477 

261846 

0.259240 

256661 

254107 

251579 

249075 

0.246597 

244143 

241714 

239309 

236928 

0.234570 

232236 

229925 

227638 

225373 

0.223130 

220910 

218712 

216536 

214381 

0,212248 

210136 

208045 

205975 

203926 

0.201897 

199888 

197899 

195930 

193980 

0.192050 

190139 

188247 

186374 

184520 

0.182684 

180866 

179066 

177284 

175520 

0.173774 

172045 

170333 

168638 

166960 

0.165299 

163654 

162026 

160414 

158817 

0.157237 

155673 

154124 

152590 

151072 

0.149569 

148080 

146607 

145148 

143704 

0.142274 

140858 

139457 

138069 

136695 

2.00 

2.01 

2.02 

2.03 

2.04 

2.05 

2.06 

2.07 

2.08 

2.09 

2.10 
2.11 
2.12 

2.13 

2.14 

2.1 5 

2.16 

2.17 

2.18 

2.19 

2.20 
2.21 
2.22 

2.23 

2.24 

2.25 

2.26 

2.27 

2.28 

2.29 

2.30 

2.31 

2.32 

2.33 

2.34 

2.35 

2.36 

2.37 

2.38 

2.39 

2.40 

2.41 

2.42 

2.43 

2.44 

2.45 

2.46 

2.47 

2.48 

2.49 

2.50 

2.51 

2.52 

2.53 

2.54 

2.55 

2.56 

2.57 

2.58 

2.59 

2.60 
2.61 
2.62 

2.63 

2.64 

2.65 

2.66 

2.67 

2.68 

2.69 

2.70 

2.71 

2.72 

2.73 

2.74 

2.75 

2.76 

2.77 

2.78 

2.79 

2.80 

2.81 

2.82 

2.83 

2.84 

2.85 

2.86 

2.87 

2.88 

2.89 

2.90 

2.91 

2.92 

2.93 

2.94 

2.95 

296 

297 

293 

2.99 

7.3891 

7.4633 

7.5383 

7.6141 

7.6906 

7.7679 

7.8460 

7.9248 

8.0045 

8.0849 

8.1662 

8.2482 

8.3311 

8.4149 

8.4994 

8.5849 

8.6711 

8.7583 

8.8463 

8.9352 

9.0250 

9.1157 

9.2073 

9.2999 

9.3933 

9.4877 

9.5831 

9.6794 

9.7767 

9,8749 

9.9742 

10.074 

10.176 

10.278 

10.381 

10.486 

10.591 

10.697 

10.805 

10.913 

11,023 

11.134 

11.246 

11.359 

11.473 

11.588 

11.705 

11.822 

11.941 

12.061 

12.182 

12.305 

12429 

12.554 

12680 

12.807 

12.936 

13.066 

13.197 

13.330 

13.464 

13.599 

13.736 

13.874 

14.013 

14.154 

14.296 

14.440 

14.585 

14.732 

14.880 

15.029 

15.180 

15.333 

15.487 

15.643 

15.800 

15.959 

16.119 

16.281 

16.445 

16.610 

16.777 

16.945 

17.116 

17.288 

17.462 

17.637 

17.814 

17.993 

18.174 

18.357 

18.541 

18.728 

18.916 

19.106 

19.293 

19.492 

19.688 

19.886 

0.86859 

87293 

87727 

88162 

88596 

0.89030 

89465 

89899 

90333 

90768 

0.91202 

91636 

92070 

92505 

92939 

0.93373 

93808 

94242 

94676 

95110 

0.95545 

95979 

96413 

96848 

97282 

0,97716 

98151 

98585 

99019 

99453 

0.99888 

1.00322 

00756 

01191 

01625 

1.02059 

02493 

02928 

03362 

03796 

1.04231 

04665 

05099 

05534 

05968 

1.06402 

06836 

07271 

07705 

08139 

1.08574 

0900 S 

09442 

09877 

10311 

1.10745 

11179 

11614 

12048 

12482 

1.12917 

13351 

13785 

14219 

14654 

1.15088 

15522 

15957 

16391 

16825 

1.17260 

17694 

18128 

18562 

18997 

1.19431 

19865 

20300 

20734 

21168 

1.21602 

22037 

22471 

22905 

23340 

1.23774 

24208 

24643 

25077 

25511 

1.25945 

26380 

26814 

27248 

27683 

1.28117 

28551 

23985 

29420 

29854 

0.135335 

133989 

132655 

131336 

130029 

0.128735 

127454 

126186 

124930 

123687 

0.122456 

121238 

120032 

118837 

117655 

0.116484 

115325 

114178 

113042 

111917 

0.110803 

109701 

108609 

107528 

106459 

0.105399 

104350 

103312 

102284 

101266 

0.100259 

099261 

098274 

097296 

096328 

0.095369 

094420 

093481 

092551 

091630 

0.090718 

089815 

088922 

088037 

087161 

0.086294 

085435 

084585 

083743 

082910 

0.082085 

081268 

080460 

079659 

078866 

0.078082 

077305 

076536 

075774 

075020 

0.074274 

073535 

072803 

072078 

071361 

0.070651 

069948 

069252 

068563 

067881 

0.067206 

066537 

065875 

065219 

064570 

0.063928 

063292 

062662 

062039 

061421 

0.060310 

060205 

059606 

059013 

058426 

0.057844 

057269 

056699 

056135 

055576 

0.055023 

054476 

053934 

053397 

052866 

0.052340 

051819 

051303 

050793 

0502 S 7 
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Reciprocals' of the Integers 1-999 

Reciprocal of « - 1/» 


rt 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 


1.00000000 

0.50000000 

0.33333333 

0.25000000 

0.20000000 

0.1 6666667 

0.142857L 

4 0.12500000 

0.11111111 

lu 

0.10000000 

0.09090909 

0.0 8333333 

0.07692308 

0.07142857 

0.06666667 

0.06250000 

1 0.0588235: 

5 0.05555556 

0.05263158 

20 

0.05000000 

476 1905 

454 5455 

4347826 

4166667 

4000000 

3846154 

370370' 

1 3571429 

344 8276 

30 

3333333 


3125000 

3030303 

2941176 

2857143 

2777778 

270270: 

1 2631579 

2564103 

40 

iibO 0000 

2439024 

2380952 

2325581 

2272727 

2222222 

2173913 

212766C 

) 2083333 

2040816 

so 

0.02000000 

0.01960784 

0.0 192 3077 

0.0 1 88 6792 

0.01851852 

0,01818182 

0.01785714 

0.017S438< 

; 0.01724138 

0.01694915 

CO 

1666667 

1639344 

1612903 

1587302 

1562500 

1538462 

1515152 

1492531 

' 1470588 

144 9275 

70 

142 8571 

1408451 

1388889 

1369863 

1351351 

1333333 

131 5789 

129 8701 

i 1282051 

1265823 

BO 

1250000 

1234568 

1219512 

1204819 

1190476 

1176471 

1162791 

1149425 

> 1136364 

1123596 

90 

1111111 

109 8901 

1086957 

1075269 

1063830 

1052632 

1041667 

103092E 

1 1020408 

101 0101 

100 

0.01000000 

0.009900990 

0.00 980 3922 

0.009708738 

0.00961 5385 

0.009523810 

0.009433962 

0.009345794 

1 0.009259259 

0.009174312 

no 

0.009090909 

9009009 

8928571 

8849558 

8771930 

8695652 

8620690 

8547009 

' 8474576 

8403361 

120 

8333333 

i 8264463 

819 6721 

8130081 

8064516 

8000000 

7936508 

787 4016 

1 781 2500 

7751938 

130 

7692.308 

1 7633588 

7575758 

751 8797 

7462687 

7407407 

7352941 

7299270 

1 7246377 

7194245 

HO 

7142857 

7092199 

7042254 

6993007 

6944444 

6896552 

6849315 

6802721 

6756757 

671 1409 

150 

0.006666667 

0.006622517 

0.006578947 

0.006535948 

O.OQ 649 3506 

0.006451613 

0.006410256 

0.006369427 

0.006329114 

0.006289308 

ICO 

6250000 

6211180 

6172840 

6134969 

6097561 

6060606 

6024096 

5988024 

5952381 

5917160 

170 

5882353 

5847953 

5813953 

5780347 

5747126 

571 4286 

5681818 

5649718 

5617978 

5586592 

180 

.5555556 

5524862 

5494505 

5464481 

5434783 

5405405 

5376344 

5347594 

531 9149 

5291005 

190 

5263158 

5235602 

5208333 

5181347 

5154639 

5128205 

5102041 

5076142 

5050505 

5025126 

200 

0.005000000 

0.004975124 

0.004950495 

0,004926108 

0.00490 1961 

0.004878049 

0.004854369 

0.004830918 

0.004807692 

0.004784689 

210 

4761905 

4739336 

471 6981 

4694836 

4672897 

4651163 

4629630 

4608295 

4587156 

4566210 

220 

454 5455 

4524887 

4504505 

4484305 

4464286 

444 4444 

4424779 

4405286 

4385965 

4366812 

230 

4347826 

4329004 

4310345 

4291845 

4273504 

4255319 

423 7288 

421 9409 

4201681 

4184100 

2'10 

4166667 

4149378 

4132231 

411 5226 

4098361 

4081633 

4065041 

4048583 

4032258 

401 6064 

2S0 

0.004000000 

0.003984064 

0.003968254 

0.003952569 

0.003937008 

0.003921569 

0.003906250 

0.003891051 

0.003875969 

! 0.003861004 

260 

3846154 

383 1418 

381 6794 

3802281 

3787879 

3773585 

3759398 

3745318 

373 1343 

[ 371 7472 

270 

3703704 

3690037 

367 6471 

3663004 

3649635 

3636364 

3623188 

3610108 

3597122 

3584229 

280 

3571429 

3558719 

3546099 

3533569 

3521127 

3508772 

349 6503 

3484321 

347 2222 

3460208 

290 

3448276 

343 6426 

3424658 

341 2969 

3401361 

3389831 

3378378 

3367003 

3355705 

3344482 

300 

0.003333333 

0.003322259 

0.003311258 

0.003300330 

0.003289474 

0.003278689 

0.003267974 

0.003257329 

0.003246753 

0.00323 6246 

310 

3225806 

321 5434 

320 5128 

3194888 

3184713 

3174603 

3164557 

3154574 

3144654 

313 4796 

320 

3125000 

3115265 

310 5590 

3095975 

3086420 

3076923 

3067485 

3058104 

3048780 

3039514 

330 

3030303 

3021148 

301 2048 

3003003 

2994012 

298 5075 

2976190 

2967359 

2958580 

2949853 

310 

2941176 

2932551 

2923977 

2915452 

2906977 

2898551 

2890173 

2881844 

2873563 

2865330 

350 

0.002857143 

0.002849003 

0.002840909 

0.002832861 

0.002824859 

0.00 281 6901 

0.002808989 

0.002801120 

0.002793296 

0.002785515 

360 

2777778 

2770083 

2762431 

2754821 

2747253 

2739726 

2732240 

2724796 

2717391 

271 0027 

370 

2702703 

2695418 

2688172 

2680965 

2673797 

2666667 

2659574 

2652520 

2645503 

2638522 

.380 

1 263 1579 

2624672 

2617801 

261 0966 

2604167 

2597403 

2590674 

2583979 

2577320 

2570694 

390 

2564103 

2557545 

255 1020 

2544529 

253 8071 

2531646 

252 5253 

251 8892 

251 2563 

2506266 

400 

0.002500000 

0.002493766 

0.002487562 

0.002481390 

0.002475248 

0.002469136 

0.002463054 

0.002457002 

0.00 245 0980 

0.00244 4988 

410 

2439024 

2433090 

2427184 

2421308 

241 5459 

2409639 

2403846 

239 8082 

2392344 

2386635 

420 

2380952 

2375297 

2369668 

2364066 

2358491 

2352941 

2347418 

234 1920 

2336449 

2331002 

430 

2325581 

2320186 

2314815 

2309469 

2304147 

2298851 

2293578 

2288330 

2283105 

2277904 

440 

2272727 

2267574 

2262443 

2257336 

2252252 

2247191 

2242152 

223 7136 

2232143 

2227171 

450 

0.002222222 

0.002217295 

0.002212389 

0.002207506 

0.002202643 

0.002197802 

0.002192982 

0.002188184 

I 0.002183406 

0.00217 8649 

460 

2173913 

2169197 

2164502 

2159827 

2155172 

2150538 

2145923 

2141328 

! 213 6752 

2132196 

470 

2127660 

2123142 

2118644 

2114165 

2109705 

2105263 

2100840 

2096436 

2092050 

2087683 

480 

2083333 

207 9002 

2074689 

2070393 

2066116 

2061856 

2057613 

2053388 

2049180 

2044990 

490 

2040816 

2036660 

2032520 

2028398 

2024291 

2020202 

2016129 

201 2072 

2008032 

2004008 

500 

0.002000000 

0.001996008 

0.001992032 

0.001988072 

0.001984127 

0.001980198 

0.00197 6285 

0.001972387 

0.00 196 8504 

0.001964637 

510 

1960784 

1956947 

1953125 

1949318 

1945525 

1941748 

1937984 

1934236 

1930502 i 

1926782 

520 

1923077 

1919386 

191 5709 

1912046 

1908397 

1904762 

1901141 

1897533 

1893939 : 

1890359 

530 

188 6792 

1883239 

187 9699 

1876173 

1872659 

1869159 

1865672 

1862197 1 

1858736 ; 

185S2SS 

540 

1851852 

184 8429 

1845018 

1841621 

1838235 

183 4862 

1831502 

1828154 1 

1824818 1 

1821494 

550 

0.001818182 

0.001814882 

0,001811594 

0.001808318 

0.001805054 

0.001801802 

0.001798561 

0.00 179 5332 ' 

0,001792115 1 

0.001788909 

560 

1785714 

1782531 

177 9359 

1776199 

1773050 

1769912 

176 6784 

1763668 ! 

1760563 ! 

1757469 

570 

1754386 

1751313 

174 8252 

1745201 

1742160 

1739130 

1736111 

1733102 , 

1730104 ! 

1727116 

580 

1724138 

1721170 

1718213 

171 5266 

1712329 

1709402 

170 6485 

1703578 1 

1700680 1 

1697793 

590 

1694915 

1692047 

1689189 ] 

168 6341 

1683502 

1680672 

1677852 

1675042 1 

1672241 

1669449 

GOO 

0.001666667 

0.001663894 

0.001661130 

0.001658375 

0.001655629 

0.001652893 

0.00165 0165 

0.001647446 1 

0.00164 4737 ! ' 

0.001642036 

610 

1639344 

1636661 

1633987 

1631321 

1628664 

1626016 

1623377 

1620746 1 

1618123 : 

161 5509 

620 

1612903 

161 0306 

1607717 

160 5136 

1602564 

1600000 

1597444 

159 4896 ! 

159 2357 1 

158 9825 

630 

1587302 

1584786 

1582278 

1579779 

1577287 

1574803 

157 2327 

1569859 1 

156 7398 , 

1564945 

64U 

1562500 

1560062 

1557632 

155 5210 

1552795 

1550388 

154 7988 

1 54 5595 1 

1543210 i 

154 0832 

650 

0.001538462 

0.001536098 

0.001533742 

0.001531394 

0.001529052 

0.001526718 

0.001524390 i 

0.001522070 1 

0.001519757 1 0.001517451 

660 

1515152 

1512859 

151 0574 

150 8296 

1506024 

1503759 

1501502 i 

1499250 [ 

149 7006 

149476B 

670 

1492537 

1490313 

1488095 

1485884 

1483680 

1481481 

1479290 1 

1477105 ! 

147 4926 ; 

147 2754 

6B() 

1470588 

1468429 

1466276 

1464129 

1461988 

1459854 

1457726 

145 5604 

1453488 , 

1451379 

690 

1449275 

1447178 

1445087 

1443001 

1440922 

1438849 

1436782 

1434720 

1432665 ■ 

1430615 

700 

0.001428571 

0.00142 6534 

0.001424501 

0.001422475 

0.001420455 

0.00141 8440 

0.001416431 

0.001414427 

0.001412429 0.001410437 

710 

1408451 

1406470 

1404494 

140 2525 

1400560 

1398601 

139 6648 

139 4700 

139 2758 ! 

1390821 

720 

1388889 

1386963 

138 5042 

1383126 

1381215 

137 9310 

137 7410 

137 5516 

137 3626 ' 

1371742 

730 

1369863 

1367989 

1366120 

1364256 

1362398 

1360544 

135 8696 

1356852 

1355014 1 

1353180 

740 

1351351 

1349528 

1347709 

134 5895 

1344086 

1342282 

1340483 1 

1338688 

133 6898 1 

1335113 

750 

0.001333333 

0,001331558 

0.001329787 

0.001328021 

0,001326260 

0.001324503 

0.001322751 1 

0.001321004 

0.001319261 ' 0.001317.523 

760 

131 5789 

1314060 

1312336 

1310616 

1308901 

1307190 

1305483 i 

1303781 

1302083 ; 

1300390 

770 

1298701 

1297017 

1295337 

129 3661 

129 1990 

1290323 

1288660 1 

1287001 

1285347 : 

128 3697 

780 

1282051 

1280410 

1278772 

1277139 

1275510 

127 3885 

1272265 1 

1270648 

1269036 ; 

1267427 

790 

1265823 

1264223 

126 2626 

1261034 

1259446 

1257862 

1256281 1 

1254705 

1253133 1 

125 1564 

800 

0.00 125 0000 

0.00124 8439 

0.00124 6883 

0.00124 5330 

0.00124 3781 

0.001242236 

0.001240695 ! 

0.001239157 

0.00 1237624 1 0.(X> 1236094 

810 

1234568 

1233046 

1231527 

1230012 

1228501 

122 6994 

122 5490 1 

1223990 

1222494 , 

1221001 

820 

1219512 

121 8027 

121 6545 

121 5067 

121 3592 

1212121 

1210654 i 

1209190 

1207729 ! 

120 6273 

830 

120 4819 

1203369 

1201923 

1200460 

1199041 

1197605 

119 6172 1 

119 4743 

119 3317 i 

1191895 

840 

1190476 

1189061 

1187648 

1186240 

1184834 

118 3432 

1182033 1 

1180638 

1179245 • 

117 7856 

850 

0.001176471 

0.001175088 

0.001173709 

0.001172333 

0.001170960 

0.001169591 1 

0.00116 8224 ! 

0.001166861 

0,001165501 i 0 001164144 

860 

1162791 

1161440 

1160093 

1158749 

1157407 

1156069 ! 

1154734 ! 

1153403 

115 2074 • 

1150748 

870 

114 9425 

1148106 

1146789 

114 5475 

1144165 

1142857 1 

1141553 1 

114 0251 

11389.52 ' 

113 7656 

880 

1136364 

113 5074 

1133787 

1132503 

113 1222 

1129944 

112 8668 

112 7396 

1126126 , 

U:!'i859 

890 

1123596 

1122334 

1121076 

1119821 1 

1118568 

1117318 

1116071 

1114827 

1113586 

1112347 

900 

0.001111111 

0.001109878 

0.001108647 

0.001107420 1 

0.001106195 

0.001104972 

0.001103753 

0.00110 2536 1 

0.001101322 1 O.OOlIOOtlO 

910 

1098901 

1097695 

109 6491 

109 5290 1 

1094092 

1092896 

1091703 

109 0513 

1089325 

108 613'? 

920 

1086957 

1085776 

1084599 

1083424 1 

1082251 

10S1081 

1079914 

I0787-t9 

1077586 ' 

1076426 

930 

1075269 

107 4114 

1072961 

1071811 1 

1070664 

1069519 

1068376 

1067236 

106 609S 1 

1064963 

940 

1063830 

1062699 

106 1571 

1060445 

1059322 

1058201 

10570S2 

105 5966 

1054852 

1053741 

950 

0 001052632 

0.001051525 

0,001050420 

0.001049318 1 

0.001048218 

0.001047120 

0.00104 6025 

0.001044932 ' 

0,001043841 ; 0,001012753 

960 

1041667 

1040583 

103950! 

1038422 ! 

1037344 

1036269 

1035197 

1034126 

1033058 : 

103199.: 

970 

103 0928 

1029866 

102 8807 

1027749 ! 

1026694 

1025541 

1024590 

102 3541 

1022495 ; 

1021450 


107 0408 

1019368 

101 8330 

1017294 1 

1016260 

101 5228 

1014199 

1013171 

1012146 1 

nil 1122 

990 

1010101 

1009082 

1008065 

1007049 1 

1006036 

1005025 i 

100 4016 1 

1003000 

100 2004 i 

100 loot 
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Mathematical Symbols, Definitions and Formulae 


I.Symbols 

/> 


m 

t=/> 

> b 

< b 

> b 

< b 


^b\ 

>h] 

<b\ 


Sc; 


: or ■ 


c tending toward h 

Infinity 

Limiting value 

a approximately equal to h 

a very nearly equal to h 

a equal to b [cf. (1) bclowj 

a identical with b (for formulae only) 

a greater than b 1 

> Cf. (2) and (3) below 
c smaller than b J 

c much greater than b 

a much smaller than b 

a not equal to b 

a greater than b and smaller than c 
a equal to or greater than b, i.e., a at least as great as b 

a equal to or smaller than i.e., a at most as great as b 
a lying between b and c 

Absolute value of c; this is always positive, for ex- 
ample I — 5 i = 5 

Addition sign, plus, positive 

Subtraction sign, minus, negative 

Multiplication sign, times (the period sign is not used 
in these Tables) 


^ a ^ c a, is the ith root of c, b being known as the 
cxp>onent. In the special case of 5'T = c, oi 
known as the square root of c, andjhe root c 
nent is usually omitted, i.e., (■'T = J^a. In the sp 
case of = f, j/a or f is knoum as the cube root 
Extraction of a root is the opposite of involul 
See also 'Logarithms’, page 134 

log. In See ‘Logarithms’, page 134 

f Base of natural (napicrian) logarithms 

= 2.7182818284... 

— Ratio of the circumference of a circle to its diam 

= 3.1415926535... 

sin 1 

cos I See page 138 

tan, tg J 

arc sin Sec page 139 

U. Numbers 

Thcca/ara/aarrArrconsist of all positive whole numbers (posit 
integers). Zero* and negative numbers are not natural numbers 

The ralior.al nursktrs consist of all positive and negative integt 
the fractions formed from them, and zero. 

The irrational numbers are incommensurable quantities that c 
not be expressed as quqdents either of integers or of ratioi 
fractions. Examples are and If?, r: and e arc also irrational nu: 
bars. 

The real numbers consist of all rational and irrational numbe. 
The fundamental laws of real numbers are the following: 

l.The four fundamental operations 

Addition, subtraction, multiplication and division (except dit 
sion by zero) can alwaj-s and without ambiguit)’ be carried o 
with real numbers. 


or ■¥ Division sign, divided by (the sign -r is not used in 
these Tables) 

+ 4 = f a -~b, read as ‘a plus b ’, denotes the sum of a and b. 

The result of the addition, e, is also known as the sum 

; Xi Sum of all values .v,, .v., Xj, . . ., i.e., of all values w,, 

from / = 1 to / = A inclusive, or 
e 

= A'l -b a.-; x-j -5 + Xt 

1 

(the limits of the summation above and below the 
sign S arc usually omitted if there is no possibility of 
confusion) 

Indefinite integral 

Definite integral, or integral between .v = a and -v = b 


2. The order of ntimbers 

Between any two real numbers a and b there mn exist only me < 
the three relationships 

a = b or a > b or a < b 

where 

a = b when u — fr = 0 (1 

a > b when a — b > 0 u 

a < b when o — ^ < 0 (3 

Examples of inequalities (2) .and (3) arc 

•••> 10 > 9>---> l>0>-l>--->-10>-- 

• ••<— 10<— 9<---< — 1<0< 10<-- 


— b = c a — h, read as ‘a minus b’, denotes subtraction of b 
fromu. cis the minuend, t the subtrahend ;«—/•, or r, 
is the difference. Subtraction is the opposite of addi- 
tion 

■xb = e \ ay.b, read as ‘a times b ’, denotes multiplication of a 
, _ by i. c and J arc the multiplicands or factors; X />, 

* ~ ^ or r, is the product. For the sake of charity the period 

• b = c ' sign is not used in these Tables 

:i = f a-.b, read as 'a divided by b’, denotes division, a is 
the dividend, b the divisor; a\b, or c, is the quotient. 
Division is the oppositcof multiplication and can also 
be represented by the fraction 

— or ajb 
b 

In fractions, a is the numerator ( = dividend), h the 
denominator ( = divisor) 

' ~ c (! *', read as ‘c to the power f ’, is known as involu- 
tion. a is the base, i’ the exponent; a'', or r, is thc/th 
power of a. In the special case of a' — r, u* or r is the 
square of a; in that of o’ = r, c’ or f is the cube of a 


3. Thc commutative law 

a + b = b n- a (4 

ab = ba (S 

4. The associative law 

(a -b />) 4- f = <5 -r (/> r) (4' 

{ab)c ^a{be) O' 

5. TI1C distributive law 

a(^ -r r) = a/’ a- ar t8) 

III. Calculations with zero and infinity 

a - a = 0 

.0 =0 '.'ID' 

O.xe = 0 ‘411 


* Some rratbcmauCTins rrp^rd rcra abo a mniral ruraber. 
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0 

0 (^,4 0) 


0 (j>0) 

1 


1 


(«) 

(M) 


for a > 1 
for a •• 1 


log,0 - 
log,« - 
log, i » 
01 

r.) - 


0 for — l<a< 1 »nd« ?^0 

nonconvergeni for a £ — 1 
(r>l) 

(r>l; 


IV. Addition, tubtractlon, (nultlpllcatlon, dlvlalon 
liAlgcbmc lien* 

If a, I, ( »r« rositiTC number*, then 

.±* -•¥(-*) 

• (-*) „(-a)>--(a*)--r 
(-«)(-«- +a> - +i 

-i b k , 


-k 


- Jr - - -t 


(.Proportions 
The equation 

a-.b^c-.J (38) 

reads* 'a IS to 8 as r is to is known a* a proportion a and are 
the extremes, i and t the means of the proportion The product 
of the extremes equals the product of the means 


(JJ) 

04) 

(W) 

tt4> 

(M) 


ZBnckeis 

a~b~i~J~ — a — (* + r + ^+ ) 

±**±«<-iarfi • -a(t k i < ± d ± •••) 

-±a(* + < + d+ •) 
3 Conversion of divisions into multiplications 


For values of 1/a for numben from I to 959 see page 18 Equa- 
tion (}i) IS patiicuUtly useful in mechanical calculation vicb a con- 
stant divisor 

4 Conversion of multiplications and divisions into addition* 
If ♦ It an integer (oc cm be converted into an integer), then 
a*-a + « + a+ \ 

* 1 1 1 } * components (Jl) 


If a constant proportion is of the type expressed by 
o'.k-^b't (4b) 

iheninaccofdance withequ4tion(34),af — ^'.that = (41) 

b is known as the mean proportional between a and r, or the geo- 
metric mean ofaandr, ns known as the third proportional to e and b 

A special cate of proportions oftype(40)i$ the so-called 'golden 
section' (extreme and mean ratio) 

I 

bm or -i-1.6180?4 

2 k / 

Afiothet spcctal case »s that of the totalled 'nottnaV forttiit. ex- 
pressed by 


T “ '* 

b alt 


(43) 


*-«/J(2'-0707lO?fl or ---1414214 

If the individual values of two related variables >f,y are such that 

21., *.-2!-- (44) 

X, X| X, 

(hen 

(4S) 

read as 'ji it proportional to x in the ratio A* A is known as the 
proportionaUty constant. As x increases, increases in proportion 
when A is positive, decreases when A is negative The graphical 
representation of a proportional relationship on rectangular coor- 
dinates results in a straight line, whence the expression linear 
rebtiomhip On the other hand, a Jmear relationship between x 
and/ doe* not necessarily mean that they are proportional to one 
another since there are many straight lines that do not correspond 
to equation (4S) Tot example, ji — « -i- Ax is /»/ * proportional rela- 
tionship betw^xandy In this case (y — «) is proportional to x. 

If the individual values of two related variables x,y are such that 
h .^A ) 

1/X| I/x, 1/x, I 

that., 

y,x,«.y.x,-y,x, » • =*A / 

then 


5 Fraction* 

~ - 1 (4 0) 

^ _ -1 (, 4 0) 


bt (can also be used 
*/ from tight to left) 


read as y I* inversely proportional toxm the ratio A\ The graph- 
ical representation of an uivenely proportional relationship on 
rectangular coordinates results in 9 hyperbola Such a relationship 
IS tbeiefore a noolmetr one 

V. Power* and roots 
l.Povret* ’wViH integral exponents 

Ifaand Aate any teal numbers, w and r positive integers, then 

0-.,0 {->0) 
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a" 1 (a 7 ^ 0) 


lima'" ■ 
(m-^ oc) 


00 

1 
0 


for a > 1 
for 3 = 1 

for — 1 < a < 1 and a jtQ 


nonconvcrgcnt for a g — 1 

a X a X a X • • • (w factors) = a*" 

111 1 

— X — X — X • • • (a; factors) = = a~ 

a a a ' ' a*" 

o’" X b"' — (ab)’" 


am j a\m 


0) 


a"* X a' = a’n+r 


(«^0) 


am 

— = a"" a-' = a’"-' (a 74 0) 
(a’")’- = (aOi" = a’"' 


(16) 

(17) 

(48) 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 


Algebraic signs : If in equations (48) to (54) R is the resulting 
absolule value of the base, c the absolute value of the power, 2 m or 
2 w — 1 the resulting even or uneven exponent, then 


(±A)*’" =+c (55) 

(±A)«'"-' = ±r (54) 



Algebraic signs: If in equations (65) to (72) R is the resulting 
absolule value of the base, c the absolute value of the power, 2m, 
2n, or 2m — 1 , 2 « — 1 respectively the resulting even or uneven 


numerator and denominator of the exponent, then 

=(±A)^ =(+A)-i^=+f m 

(always to be used in any reduction of an exponent) 

*"/(+ A)*”'-' =(+A)‘'^ = +f (74) 

t n / — . . ^ rrt-*! 

j/(— A)"”'* =(— A) «n has no real solution (75) 
=(±A)^=+r (74) 

’”7(± A)'-"- = (± R)'^s = ± r (n) 

VI. Logarithms 


2. Extraction of roots with integral exponents 
If a and b ate any real numbers, n and s positive integers but not 


zero, then 


= an 

(57) 

■j= (‘»T^0) 

(58) 



y ab = 'J/ a y~b — (a b)o 

(59) 


(60) 

y b yj \b) 



In accordance with the equation 

a = fiotc “ (78) 

(a = number or antilogarithm, c = base, logc a = logarithm of a 
to the base c) 

the logarithm of a to the base c is defined as the exponent of the 
power of the base c which equals the number a. The usual bases 
are 10 (common or briggsian logarithms) and f =2.7182818285 
(natural, napierian or hyperbolic logarithms). In these Tables the 
symbol log is used for common logarithms and the symbol In for 
natural logarithms. The relation between the two is given by 

Ina =— ?^ = 2.30258509301oga = lnl0xloga (79) 

logf 


]/^ = ]yyf =airr 


(61) 


log a = 


Ina 
In 10 


0.434294481 9 Ina =Iogf x Ina 


(80) 


Algebraic signs: If in equations (57) to (61) A is the resulting 
absolute value of the base, c the absolute value of the power, 2 n or 
2 k — 1 the resulting even or uneven exponent, then 


"/(-bA) =(-bA)TS' 

= + c 

(42) 

’^/(-A) =(-A)TS- 

has no real solution 

(63) 

^''']I{±R) =(±A)rsri 

= ± r 

(44) 

3. Mixed powers and roots 




If a and b arc any real numbers, m and r positive integers, k, 
n and s likewise positive integers but not zero, then 


^ " 47 n 

(65) 

1 

" (avsO) 

( 66 ) 

1 / 

kni — - — n/ 7n 

6=. y fjm a= 47 n" 

(67) 

If in equation (67) a is negative it is 

important that all other 


necessary conversion operations on the exponent should be per- 
formed before reduction is carried out. If the resulting numerator in 
the exponent is even, then a negative a is made positive and reduc- 
tion carried out. 

yiab)"' = 1 / 3 *" X j/*'" =(abyr (48) 


In general the relation is expressed by 

■ login a 

logc a = - 


(81) 

login f 

Example : It is required to find the logarithm of 20 to the base 2. 
From equation (81) 


log , 20 = 


login 20 _ 1.3010300 
login 2 0.3010300 


= 4.321928 


The use of logarithms reduces multiplication, division, raising to 
powers and the extraction of roots to addition, subtraction, multi- 
plication and division respectively. 

For common logarithms equation (78) gives 

a^^lO^oto and 6 = 10 ''’"' 

so that according to equation (52) 

a X b ^ lO'er “ X 10^'"' ** = jQioc(i + lo, n 

that is log (a X />) = log a + log b 

whence (a x b) ^ antilog (log a + log b) 

All the principles of logarithmic calculation can be deduced from 
section V in an analogous manner. The most important arc: 


log {a X b) — log a -b log b 

(81) 

^loga-iogb 

(33) 
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(c) log 1/3048 - log(10-» X 3 048*') 

- -3 -(0.4829 + 0 0011)- -04840 -3 


:e by definition thete are only logarithms of positive num- 
bganthmic calculation is made without regard to the alge- 
ngnoffl, t,... and the result assigned the appropriate wgn 
Img to the rules already given 
jgaiithmic calculation falls into three parts . 
idmg the logarithms 

crating with them according to the above rules 
idmg the antilogarithms. 

iding the logarithm 

e number of which the logarithm is required is first con- 
d. into a ^roduet as follows t 


In example (c) the mantissa as well as the characteristic is neg=>' 
tive A negative mantissa must be converted Into a positive one Py 
adding 1 to the mantissa and subtracting 1 from the characteristic 
Foe example: 

-04840 - 3 0 4840 + 1 - 3 -1 


2. Operating with logarithms 

This IS done in accordance with equations (<2) to (IS) and cPc 
following rules* 


determined for i S 1 by eountmg the number b of places to 
eft of the decimal point, for lei <1 by counting the number 
ciphers to the right of the decimal point, so that 

-*-l when lelSl <•»> 


- -4 — 1 »hen |e| < 1 
mplei 


iscic X gives the number i of places to the left of the dcciinal 
point (when xSO) or the number b of ciphers to the right of 
the decimal point (whenx<0}, as follows; 

4 - X + 1 when X a 0 (»®) 

4 — — (x + 1) when X < 0 (f*) 

Examples 

(.)fc.g()M8 X 0 2130) - . H?;? , -28124 


(b)log(0ai3 0 3048) 


n leeordanee with eqtutjon (fl) 

OB- -kig(r X 30 - iogK' + Iog3/' ~K + M (•♦) 
jbMW SI the cbataetenstic, M as the mantissa of the loga- 


' <11, round off if to 5 iigaificjn: places 

31 ill, round off M' to 4 iiga.ficaot places 
sample 


Pr^iortional puts 1 


Funv ’^^^^'3)17-01948 

F»nhereu„p,^j 

W *08 3049 „ 

’•^{10*x3A<v> 

WIOE02130 ' /°'”’ + »J'«1 .345(, 


(e)log(0213 0 0 000 3281) 


08124 + 2 

(d) Iog(02130‘) - SkJgO 2130 - 5 x (0 3284 - 1) 

- 1 6420 - 5 - 0 6420 -4 

->°801i3£ 13284:^ 


> log (■ ro^o)- - 032^ .<11284^5 


3> Finding the antilogarithm 


determined by means of equations (tO) and (Yt) 

Examples: antilog 2 6124 — 649 2 

antilog (0 888 1 - 1) - 0.7729 
am)log(0 6420 - 4) -0 0004385 

VIl^Fwctarlalt and binomial eoefnelenti 

For a positive integer r and any real numlxr n the symbol 
tepnsents the product 

**•»_, (,_j;(„_2). . (»,-r+l) (W> 
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Examples : 

(a) IOC) 

In this case, (« - r -(• 1) = 10 - 4 + 1 = 7, so that 
IOC) .== 10 x9x8x7 = 5040 

(b) 4C) .= ? 

In this case, (« - r + 1) = 4 - 5 + 1 = 0, so that 
40 = 4x3x2xl x0 = 0 

From example (b) it can be seen that 

nC) = 0 (94) 

when r > II and n is a positive integer. 


It will be seen that as r increases, the values of (^) increase up to 
«/2 and then decrease again in symmetrical fashion: 

(") = («-r) 

For uneven numbers «, the median falls between the two highest 
values of the series, for even numbers n it is at the highest value. 

Binomial coefficients for n from zero to 39 and for r from zero 
to 15 are given on page 25. Logarithms of the binomial coefficients 
for n from 2 to 100 and for r from zero to n/2 ate given on pages 
70-77. For 101 gn S999 the binomial coefficients ate calculated 
from equation (lOt) using the logarithms of factorials and their 
reciprocals given on pages 26 and 27. 


2. Factorials 


The factorial of a positive integer «, symbol hI, is defined as 
hI = «(«-!)(«- 2)- • -3 x2 X 1 (9S) 

where 


01 =1 


(96) 


by definition. 

For positive integers «, the factorial nl can be expressed as «<"), 
in which case equation (92) can be written 


;;C) = 


Hi 

(»-r)l 


Equations (93) and (94) remain valid. 


(97) 


Logarithms of the factorials of numbers ii from 1 to 999 and of 
their reciprocals ate given on pages 26 and 27. For the factorials 
of numbers h S 1000 the Stirling approximation is used: 

«1 ->it”e-’'\l2Tzii (98) 

(n— .».©o) 


or 

logHl->-0,5x[2H0ogn-0.4342944819)+logH+0.798178] (99) 


3. Binomial coefficients 

In its general form the binomial coefficient ( ”) or C (h, r) is 
defined as 


C) 


«(N 

r! 


For hC) and r! see subsections 1 and 2 above. 


( 100 ) 


When h is a positive integer equations (97) and (100) give 
nl 


0 = 


rl(n -r)l 

From equations (93), (94) and (96) it follows that 
ln\ ^ j 


( 101 ) 

( 102 ) 

(103) 


(S)=' 

= 0 when r > n and n is a positive integer. (104) 


It is also clear that 


= 1 


(10S) 


Example: For n = 9 and n — 10 all the coefficients for values of 


r between zero and 

11 arc 

tabulated: 

/2 






r 

0 1 

2 

3 

4 

5 

6 

7 

8 

9 


/; = 9 

1 9 

36 

84 

126- 

•126 

84 

36 

9 

1 


- 10 

1 10 

45 

120 

210 

252 

210 

120 

45 

10 

1 

r 

0 1 

2 

3 

4 

A 

5 

h/2 

6 

7 

8 

9 

10 


VIII. Series 

The sum a, + a, + n, + ■ • • + of a sequence of numbers a,, 
a., a„ ... a„ formed according to some fixed rule or law is known 
as a scries. 


1. Arithmetic scries of the 1st order 

This is a series in which the difference ^ between successive 
terms is constant: 

a, — a, = a, — a. 

The individual terms arc therefore 
a, a, a, ... a„ 

a, (a, + ff) (a, + 2 ff) . . . a, + (n — 1) 

The sum of the first n terms is 

S = (108) 

2 

A special case of (108) is the sum of the natural sequence of 
numbers 1, 2, 3, . . ., n 

l+2 + 3+ -- -+ n= (109) 

2 

Example: The sum of all numbers from 1 to 81 is 
(81 X 82)/2 = 3321 



2. Geometric scries 

A geometric scries is one in which there is a constant ratio 
between successive terms 


tfl Cz • • • 

a, a,? a^g' ... e,?""' 

The sum of the first n terms is 


( 110 ) 


J- = i_il = fl, £!! — 1 (j:?Sl) (111) 

1 — ? ? ~ I 

\X)hcn — 1 <g< 1, g^ = 0 in accord.incc with (17), and (111) 
becomes 


J-co=T^ (-1<9<1) (112) 

1 -g 

With the aid of equation (112) infinite periodic decimal fractions, 
for example, can be converted into true fractions. 

Examples : 


(a) 0.33335 = 


0.33335 


(b) 0.03335 =■ 


10 

"b -f- 

100 

1 


10 


3 

/ ^ - 

10 

/ 10 

3 

3 


_3_ 

lobo 

3 

'lb' 

3_ _ 
9 




100 

_1_ 

10 


3 

100 


1_ 

1 
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0 03333 --^ / 

100 / 1 


100 / 10 00 30 

The toBrute secies begins wHh 3/100, whence f— 

c., 1$ in the prcTiou* cMtnple There remains 2/10 to be added 


(d)0 123123li3 - ~+ - +••• 

1000 lOOOOOO 

_ _1- _ 

1000 " 1000 

0123113 - ^ 

1000 ' 1000 OT9 333 

• Sinomlal series foe positive imegera * 

i __ 

* ( 5 )''"“ I 

Algebraic signs: When * w ftegitive. all terms in which the 
laponent cf I is uneven are negative 
Eiimples: (« + *)’ - a» + 2«i + 

(a+*)*-a* + 3a** + 3a** + ^ «« 

IX. Mean* 

For » positive variates Vi, Xj, , x. 


2.Equatlona of the first degree with t' 
xacsd / ate requited 

atX + t,ji + 1, ■= 0 

tf, X + iiji + r, = 0 


J “ - 


ht - a. », 

OjX + r, ^ 

h, 


3. Equations of the first degree with three unknowns 
x,3', t *tc required- 

.1, X + ^,> + f, j “ 0 

.»,x + *,> + c,^ + if, = 0 
tf.x + i.j' + r.^ + ./.-O 


(s) the arithmetic mean •>» » 

0>) the geometric mean w, •* ]/ x, * x, * * 

(e) the harmonic mean x« -.1 + 

'ft'hen V - 2, then 


2x,x, 


Caucht’s principle x, £ »r, 2 x» 
a here the equabty signs ire valid only when 


X. Solutions ot equations 


Required is x 

ex ± » - 0. X - T *- 

-X "-^7 

1 Simplification of equations of highet degree 

(ax±»)-^c-0, x-1^ 


Let 


es*i - 


■ e,>, -e,i, 

• ei<^. -f,d. 


£F-C£ 

AE~BD 

C*Ax 


,2__ <|H) 

■ (l«) 

+ ^) ((H) 


4.Quadcaiic equations with one unknown 
«x< + >x + e-0 


(((T) 

(I1») 

(«») 

(IJO) 


24 2e y \2a} a 


24 

The magnitude 2? “ 4* “4«cis known as the discriminan 
equation WTien 

Z7 > 0 there ate two real solutions 
27—0 there is only one real solution 
27 < 0 there is no real solution 
S-Exponential equations in common use 
x-=t-e-*‘. x~t-tntihg(-0434Z9448l9)} 

- 2 302 585 093 0 log (t - 4) [0 g a s 1 ] 
It m equation ((27) 




((») 

(122) 


((23) 

((14) 


(wben4 — 1 the log sign disappears on both sides) 


•x*±t 6 

(when 2 = 1 the log sign disappears on both sides) 
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log (to) 

d: <' log/r 

Equations ( 130 ) to ( 133 ) have no solution 

<•) < 0 or (if/z T-0 <0 

This is true for equations ( 130 ) and ( 132 ), 

/> 1 . 


(i i-- 1 ) ( 133 ) 

when 

however, only when 


The following table gives z values [solutions of equation ( 129 )] 
for various numbers a in common use: 


Xfl. Angles, trigonometric functions, inverse trigono- 
metric functions 


1. Positive and negative angles 



Rotation in an an/idockwisc 
direction is defined as positive 
rotation, rotation in a clockwise 
direction as negative rotation. 
Similarly an angle measured by 
positive rotation is a positive 
angle, one measured by negative 
rotation a negative angle. 



1 — rt 

1 

to 

o 

- — In 10 X log (1 — a) 
--ln(l-d) 

0.999 

0.001 

- 3 

6.907755279 

0.995 

0.005 

0.6989700043 -3 

5.298 317 367 

0.99 

0.01 

- 2 

4.605 170186 

0.975 

0.025 

0.3979400087 -2 

3.688879453 

0.95 

0.05 

0.6989700043 -2 

2.09513221 A 

0.90 

0.10 

- 1 

2.302585 093 

0.85 

0.15 

0.1760912591 - 1 

1.897119985 

0.80 

0.20 

0.3010299957 - 1 

1.609437912 

0.75 

0.25 

0.3979400087 - 1 

1.386294361 

0.70 

0.30 

0.4771212547 - 1 

1.203 972804 

0.65 

0.35 

0.5440680444 - 1 

1.049822124 

0.60 

0.40 

0.602 059 991 3 - 1 

0.9162907319 

0.55 

0.45 

0.6532125138 - 1 

0.798507 6962 

0.50 

0.50 

0.698 9700043 - 1 

0.693147180 4 

0.45 

0.55 

0.740362689 5 - 1 

0.5978370007 

0.40 

0.60 

0.7781512504 - 1 

0.5108256237 

0.35 

0.65 

0.8129133566 - 1 

0.4307829162 ] 

0.30 

0.70 

0.845 0980400 - 1 

0.3566749440 i 

0.25 

0.75 

0.875 061 263 4 - 1 

0.287 6820724 | 

0.20 

0.80 

0.903089987 0 - 1 

0.223 143 551 5 | 

0.15 

0.85 

0.9294189257 - 1 

0.1625189295 ! 

0.10 

0.90 

0.9542425094 - 1 

0.105360 5157 

0.05 

0.95 

0.977723 605 3 - 1 

0.05129329439 ] 

0.025 

0.975 

0.989004615 7 - 1 

0.02531780798 J 

0.01 

0.99 

0.9956351946 - 1 

0.010050335 85 

0.005 

0.995 

0.9978230807 - 1 

0.005012541823 

0.001 

0.999 

0.9995654882 - 1 

0.001000500333 


Reference axis 

By angle of inclination of a straight line a is usually meant the 
acute angle between the straight line and the x axis. 




2. Angle units (see also under ‘Units of Measurement’, page 207) 

The basis of all angle units is the circumference of a circle 
drawn with its centre at the point of intersection of the lines 
forming the angle. This is divided into 360 equal parts (degrees, 
the unit normally used) or into 400 equal parts (grades), or 
measured in terms of its own radius (arc, circular or radian meas- 
ure). Since the circumference of a circle is 2 1 : times its radius, angles 
are often expressed as fractions or multiples of n. The arc measure 
of the angle a is designated arcus a (arc o). 



Degrees Grades Arc measure 


[ Degrees 

jo” 

j 1° 30° 

57°17’45' 60°i90° 

180° [ 270° j 360° 

Arc 

1 

1 Oj 

J in 

0.01745 V 1 

! !n,nl 

rr.TTir 

measure | 

1 

1 6 

13 2 1 

, i 

! 


XI. Rectangular coordinate system 


y 



X axis = abscissa axis 

y axis = ordinate axis 

I, II, III, IV = quadrants 

arpandy,. = coordinates 

of the point P 

Xp = abscissa 

of the point P 

yp = ordinate 

of the point P 


3.Trigonometric functions (other than secant and cosecant) 

The definitions arc based on the right triangle and arc valid only 
for acute angles between 0 and 90°: 



sine a 
cosine a 
tangent a 


■ tan a. 


( 134 ) 



cotangent a ~ cot a. ^ j 

(the tangent is also sometimes ab- 
breviated to tg, the cotangent to ctg 
or ctn) 


Representation of trigonometric 
functions on the unit circle 
(circle with radius 1) 
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Algfbwic signs of trigonometric functions in the 4 qusdtants 


1 Quadratic | 

1 I 

n 


IV 

sin + 

+ 

- 

- 

1 cos 1 + 

- 

- 

+ 

tan 1 

- 

+ 

- 

1 cot + 

- 



Ranges of trigonomeitic functions in the 4 quadrants 

1 1 

Quadnnt 



11 

in 

IV 

1 sm 1 Oto 1 

1 to 0 

Oto-1 

- Ito 0 

cor J w 5 

(?M-f 

-1 ro 0 

Oto I 

' tan 1 OtQM 

-<-to 0 

Oto o» 

-MtO 0 

cot j oott) 0 

PtO“*« 

oo to 0 

OtO-oo 


BtVii-«iout of ttigonomettic functions 



r uneiion* of ntgsti^e sngles 
tm f — »«v a 

CM 1 - tt) - + CM a 
t»n ( - a) - - tan a 
cot I- a) - - cot a 



Fuoctiom of half the angle and of twice the angle 



« — t f + t30*c< _ t — cos a 

2 tana sms 


^ I / f r* cos » 

1 + cos a y 1 + sm et 
sictla » 2sinacos a 

c(n2aL »» 2«3i‘oi — I »« 1 — 2 tin* a * cos* a 



(t<0i 


(MO 

I ««) 

(W> 

sin* a (144) 
(t4S) 


Algebraic signs. ± indicates that the algebraic s/gfl is deter- 
mined by the quadrant into which the required angJe fails For 
algebraic signs in the quadtants tee (IIS). 

Relationships beiwctn the funatons of two angles 


sin(a±p) -sinacosb icotasinb (M*) 

«os(«±P) - cos a cos PT sin a tin b (M7) 

(lu) 

tg(«±p; «»s(«±P) 

smet+smO -2s;n cos (Mt) 

sina — smb = 2t&s ^ ^ ^ 
cos a + cos p - 2ros 

cosa -cosp = -2sin (" 2 " ") 


CotiTersion of the functions of obtuse angles into those 
of acute angles 


COS«COSp 

sinacosP 


_ aitt(g ■k P) 
cos a cos p 

• Vt cos (a — p) — V4 cos (« + P) 

• Vt eos (a — P) + ii cos (a + P) 

» ’i sin (a + p) + 54 sin (a — P) 


(1S4) 

(MSI 

(ise: 


4.1n>tist irigcoMnettic functions 
These ate »lw> known as ate ot cyclomeitic functions Only thi 
inTcese sme (atc-ame) function will be described here, since this i: 
used for the tubifization of the variance of binomial distribution 
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XIII. Hyperbolic functions 


Tiicsc derive tlieir name from their geometric representation in 
relation to a rectangular hyperbola in a manner similar to that in 
which the ttigonomctric functions arc related to a circle. Here only 
the hyperbolic tangent (tanh and the corresponding inverse 
function (tanh-' r) will be dealt with, since these functions arc 
required for the transformation of the correlation coefficient r (sec 
page 180). They are defined as follows: 


tanh z 


c'"’ - 1 
+ 1 


(157) 


tanh-' r^-z-- '/sin = 1.151 29255 log,, i-L/: (1S8) 

1 — r 1 — r 


Only the following two relationships arc required: 

tanh(— :j) =— tanh:?; (159) 

tanh-' (— r) ■= — tanh-' r ( 150 ) 

The range of variation of tanh ^ is — 1 to +1 for values of Z 
from — oo to + 


Behaviour of the function tanh z in the range — 3.2 g g + 3.2 





In 

0.5- 







-2.4 


-0,8 

oie 

1.6 

2.4 

3.2 



- 

I- 

— r 





Tables of tanh Z "t" given on pages 64 and 65, of tanh-'r on 
page 62. 


XIV. Geometric calculations 


1. Right triangle ABC 



a = perpendicular 1 

} sides 

b = base j 

c = hypotenuse 

be — altitude above hypot- 
enuse 

Solution 


p 

a 

= 90“ - P 

(161) 

a,b 

a 

a 

tan a = — 
b 

(162) 


c 

a 

sin a 

(163) 



b 

COS a 

(164) 



= \'a' + i' 

+ 

(165) 


be 

= a cos a 

(1«6) 



= 5 sin a 

(167) 



11 

(168) 


Arca^d 

11 

(169) 


. a 

sin a =5 — 

(170) 

c 


— c cos a 

(171) 


(172) 


+ 


Given 

Required 

Solution 


a,c 

Arcayl 

accos a 

2 

(174) 

b,c 

a 

b 

cos (X == — 
c 

(175) 


a 

7= f sin a 

(176) 



11 

r 

(177) 


K 

= isin a 

(178) 


Area..d 

5 c sin a 

2 

(179) 

a 

b 

a 

tan a 

(180) 


c 

a 

sin a 

(181) 


K 

= a cos a 

(182) 


Kre.'s.A 

a' 

2 tan a 

(183) 

C,tt 

a 

= f sin a 

(184) 


b 

sa C COS a 

(185) 


K 

r sin 2 a 

2 

(186) 


Kxfa.A 

c* sin 2 0 

4 

(187) 

C,be 

a 

sin 2 a 

c 

(188) 


a 

= Jl.. 

cos a 

(189) 


b 

K 

sin a 

(190) 


Area A 

_ 

2 

(191) 


2. Obtuse triangle 

All the sides arc of equal value in the obtuse triangle, and per- 
mutation of a, c, etc. in a cyclic 
fashion results in different formulae 
which arc equally valid. W hen one 
of the symbols in any formula in a 
group is permuted, the symbols in 
a!! the other formulae of the group 
must be permuted in accordance 
with the following scheme ; 



Permutation 
by one step 

a b 
b c 
c a 
a P 
3 -- Y 
Y -> a 


Permutation 
by two steps 


I’ a 
c -V b 
a Y 
3 -- a 
Y -- P 


b 


(192) 
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1 areas 
ismY 
camP 


Required Solution 


sin a 


(t»)) 

(tH) 

(Its) 

(ttS) 


Required Solution 


n (9 + y) -sma 
5s(B + y)»-«os« 
in(B + Y) » -tana 


2 ^ 


(200) 

{ 2 « 1 ) 






i. 

-uiin& 

(121) 


a«.. j 






(222) 



(acosBiJ'it-a'Sin’S) ) 


Note that in the ebove group of equations (gieen two sides and 

the angle they enclose), the following conditions hold: 



Equations 

Equations 



{210)-{2») 

(217) -(202) 


Solution IS only possible when 



^sina &a 

irsind^^ 


If 

>sina = e 

esinP =* 


then 


0 = 90’ 


If 

^sina <<» 

and a <!> a sin 3 < A and b <a 

two solutions are 

: possible 




BiandBi - 

il80®— 3, a, and oj •» 160“ 

' - «> 

If 

^sin*<u 

snddS^ esin3 <eand^ 2<r 

no solution is possible. 



e.B.f 

» 

eSinP 
sift(0 + Y) 

(U)) 


' 

tf ainr 
sm (3 + y) 

(224) 

(Mcite ibai if two 


0Sin3»nY 

(22?) 

•ngin att giTcn, 
<h« ihirJ It a|$o 


tin(3 + Y) 

g««B) 

*» 

■•esinY 

(22?) 


•«esin3 

(221) 

(22?) 



2 ’ sifiCja + 


lit 

AtsaA 


OOT) 

(IW) 


thedii^n^ ’"1' quadrilateral can be calculated froft' 
the diagonal, and the ande 0 for n' - 1 80» _ . 


(20?) *nd the angle 0 (or 0' - 180’ - 0) enclosed by them 

Any quadtilatetal 



Areavl 


< 1 ») 

(IH) 
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Parallclograri 



Trapezoid 



4. Circle 


\ 0 r 
= 2 r\ 


Annulus 


lii.d, \'a' + b' ±2 a b cos a (23S) 
+ 

== ± 2 a (236) 

+ 

ha = i sin a (237) 

ha = a sin a (238) 

ArcnA — aha — bha ’= absina. (239) 


■ — T” a, b arc parallel, r, (/nonparallcl 
f sides; (/,= diagonal drawn bc- 
1 tween the points of intersection 

i — of with i and a with f. 

, 1 / , , a f’ — A if’ . 

d, =U<7i+ — (240) 

+ 

. 1 / , ad’ - bc^ 


a — b 

\h{s—a+b) (j—c) (s-d) 
where s — V 2 (a — b + c + d) 

Arcs A = 

2 


Annular segment (concentric) 

Area of shaded part 


I m 


5. Ellipse 


^ ^ ('•i +r0 (r, -r.) [r, Sr,] 

(2S4) 

-AL- = 0.00872664626 
360 

For the angle 0 sec equations (246) and (247). 



Circumference ~ 2 




Circumference r = 2 it r 
= 6.2831853 r 
= 3.141 59265 d 

Area A = nr’ = 3.141 59265 A 
= 0.78539816 </« 


Angle 0 between the radii r 


J ^ ~4.443l'a»4-i’ j 

Arca^ =7Tai= 3.141 59265 aA (2S6) 

XV. Solid geometry 

1. Rectangular parallelepiped (all edges at right angles to the 
adjacent ones) 

Surface area 

A =2{ab~\-bc^ca) (2S7) 

\ 1 

Internal diagonal 

/ d = + ^>> + c' (258) 

A- - ' ‘ * 

Volume 

" V =abc (259) 

In the case of the cube, equations (257) to (259) become 

A =6a» (260) 

\y'^ d = a i' 3 = 1.732051a (261) 

.J V = a= (262) 




7 






[x 


2. Pyramid (any base) 


/\/;2 1 m/\ 

cos 0 = 1 — -r— - 

(244) 


2r' 


y 1 

or 


V J 

0 = 180° — 2 arc sin (x/r) 

(247) 



Length of a chord 

/ = 2 r sin — (248) 

2 

Length of an arc i 

I = = 0.017453293 rO (249) 

180 

Area of a sector 

y4,. = Iii^ = 0.0087266463r’0 (250) 
"" 360 

Area of a triangle OAB 

r~ sin 0 i 

Aa = — 2 — ’’ 

Area of a segment AsB 

nr*0 r’sinO ] 

360 2 I 

= 0.0087266463 r> X 
(0-57.2957795 sin 0) J 

(The two circles bounding an annulus 
need not be concentric.) 

Area of shaded part 

yd = IT (r, + r,) (r, - r.) [r, g r,] 

(253) 

= 3.14159265(ri + r,)(r,-r.) 



V 

{Ab = area of base) 


3. Right circular cylinder 

Area of convex surface 

Ac =2TTr/; = 6.2S31853r/i (264) 

fj Total surface area 

y-l =2r:r(r + /;) 

= 6.2831853r(r + /,) 

> ^^olumc 

= nr'/; = 3.141 59265 rV; (264) 

Hollow cylinder 

/jTjTvX Internal volume 

I'/ “-(t? -r')/; [r, 5r,l 

VA = 3.141 59265 (r? -r|)/; 


4. Right circular cone 



Area of convex surface 
Ac - -r/ -3.I41 59265 

(/ — slant height IV’ + h^') 
Total surface area 
A ^ T,r{r y 1) 


= 3.141 59265 r(r 4- /) 


^ y Volume 


I ' r- - -TTrV; = 1.04719755rV; (270^ 
3 
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le (right circular, plane surfaces parallel) 

Area of convex surface 

-= rt/{r, -fr,) « 

-314159265/(r.+r0 ' 

Total surface area 

A =>n[r,(r.+ /) + /',(r.+ /)) ( 

Volume 

V ,,+ ,!) , 

= 104719755A(rJ+r,r,+r}) 



Surface area 

A -4nr‘=rtrf«-125663706r* 
-3.1415926SJ‘ 

Volume 

3 6 07$) 

- 4 18879020r'-0 52359378^ 


nt of a sphere (cut by a single plane) 

”J Area of convex surface 

y1e-rt(rS +4*) -2r 
Total surface area 
A -n(2rj +4') 
Volume 




-OfJ+A-) 


(rt -.3 14l5926S,Tr/6- 0 52359878. 
rt/3- 104719755) 


XVI.Formulae of analytical geometry 
l.Tnnsformatlon of rectangular coordinates 

The new coordinates ate indicated by C, the transformed vaf >- 
sA^ by X, Y, the old coordinates and •variables by i, x, y. pot 
the sake of simplicity the transformation is illustrated in the (iitt 
quadrant (sccscction XI, page 138) but the equations are valid f<^t 
all quadrants. 

(d) Translation of coordinate axes 
The origin is translated from 0 to O', i e , a distance a in tpc 
direction X and a distance b in the direction j' 


J y Transformation r -*• CT 

X=>x~a 


Transformation C~*e 
* A" 

> =5+ y 



I (284) 


j (28#) 


(5) Alteration of linear scale 



Transformation t-*C 



Transformation C -»■ r 



int of a sphere (between two parallel planes) 


(r) Translation of axes and alteration of linear scale 



Area of convex tutface 
/Ic - 2nr,4 • 6 2831853r,A 077) 

Total surface area 

A -r(rj +2r.A + rl) «80) 

Volume 

r _ Jli.(3rj + 3r} + *') (281) 

- 0 52359878 A(3rl + 3rl +**) 


;t segment of a sphere 



Volume 

V - -001l635528r>0 asi) 
270 

[for 0 (= angle between the two planes 
passing through the centre of the sphere) 
see (]4«) and (247)] 


dies of the same shape 




I3odies of the tame 
shape, 1 e , those in 
which all nrruponi.ag 
ImtarmtasxTiminlihar 
tA( jam ralta a 8*, 
have surface areas in 
the ratio and 

weights and volumes 
in the ratio «’ 8’ 


(M3) 


All linear dimensions of body 
8 are 10% greater than those 
of body a, 8 has 21% more 
sutfsce area and 33% more 
weight 


ow itiu ihi, I, uiuslly no, true of human bodies of hiffiU 


Transformation t-*C 

Transformation C-*t 



(</) Rotation of coordinate axes 


ass) 


(28?) 


Transformation c-*C 



Transformation C -»• t 


^ =-(A'-ytanp) ) 

Kt + tjn*3 

1 } 

J =-p - (y+A-ianp) 

n + t3n*0 1 
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(f) Rotation and translation of the coordinate axes 


Y 

.y\ 


k 


4' 


•Viin) 


»»•) 

vlni) 


Transformation c—yC 
A' « (>,• — a) cos P -f- (j — b) sin p 
Y "(>' — />) cos P — fx- — a) sin P 
or 

X ~ -h (.y ~ tnn p 
H + tan'P 

+ tan'P 

Transformation C-yc 
X = a + AT cos p — T sin p • 
7 = i + y cos P + A' sin p 
or 

X- TtanP 


.V a + ■ 


_y = 


V 1 + tan®p 
y + AT tan p 
Kl + tan*P 


2. Straight line 
General equation 
Ax + By + C = Q 
Equation of slope 
y ^ a + bx or x ■ 


y-‘‘ 

b 


a = intercept with^ axis, b = tangent of the angle of slope p. 
Note that i = tan p is valid only when the same unit is used for 
both coordinate axes. 



>r = a is the equation of a line parallel to the^ axis 
^ is the equation of a line parallel to the x axis 
A 

with 


(300) 

(301) 


Straight line is at right angles to another straight line I 
ith slope b when its slope is — lib. ] 

Straight line through two points with coordinates x,, yi; x^.y, 

(303) 




A 

— 









This formula is used for linear inter- 
polation. 


X y 

Example: Tabulated values 110 83.83 
120 95.66 

Required: thc_y value for x = 116 

Solution: y = 83.83 (116 - 110) = 90.93 

Straight line with slope b through a point 
y + b{x — X,) 

Straight line through the origin and a point Xui'i 


Shortest (orthogonal) distance between a point and the straight 
Iinc_y = a + bx 


(l»4) 


(195) 


(296) 


(297) 


A 


(304) 

(305) 


X, 


Length p of the straight line parallel to the,)' axis between a point 
x,,ji .and the straight line,)’ — ay bx 



p “J'l — a — bx, 


(306) 


yi—a — bx, 

Fl + b’- 


(307) 


Distance;)^ parallel to the x axis at a height,)',, between two straight 
lines y — a, + b,x andy =^a.yb,x 



Yp -oi _ yp -gj 

h, bt 


(308) 


Distance p^ parallel to the x axis between two parallel lines y = 
/ a^y bx and^ — a^y bx [special case of 
P x . (308) with b, — i,] 






a, — a. 


(309) 


Coordinates of the intersection of two straight lines,)’ = a, y b,x 
and,)’ = ffj biX 



A 


— a, 
b, — b, 

b, St — h. a, 
b, — bt 


Angle 0 between two straight lines with slopes b, and bt 

bt -bt 



tan 0 


b,bt y y 


^ (310) 


(311) 


The angle 0 is the positive angle 
through which the first straight line must 
be rotated in order that it shall coincide 
with the second straight line. Note that 
equation (311) is valid only when the same 
unit is used for both coordinate axes. 


3. Ellipse 

Standard equation in rectangular coordinates (the principal axes) : 

y 



X* v= 

— + 
fl’ b- 


(312) 


a and b determine the relation between 
the two semi-axes and thus the shape of 
the ellipse. 

If hi is the semi-major, ky the semi-minor 
axis, equation (312) becomes 


4-'! + Al. 
hi hi 


The focal width F, F, is given by 


hi = c'a' 
hl^-c'b' 


(313) 






CiJ 





2f = lUi'-hl 

t is known as the linear ccccntricitv. 


(314) 


If J is the sum of the distances from a point P on the curve to the 
foci F, and F,, then 





\N 

:VA <■ 




r* { 


I ^ 2hi — major axis 


(315) 


Any desired ellipse may therefore be 
drawn by means of a thread of length 2 h, 
attached to the foci, e being determined 
from equation (314). 


For area and circumference of the ellipse see equations (255) .and 
(256) on page 142. 
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Statistical Methods 


(I'or references see page 196; for index sec pages 197 and 198) 


In the limited space here available it is impossible to give more 
than a brief explanation of the statistical tables on pages 10-131. 
The following description is therefore limited to those funda- 
mentals the non-mathematician requires to enable him to solve 
simple statistical problems. 

_ The calculation of probabilities by statistical methods is an essen- 
tial step in the proper interpretation of experimental results that 
comply with certain basic laws but arc at the same time subject 
to modification by unknown factors, in other words, to so-called 
‘chance’ variation. This holds not only for the empirical sciences, 
the exact as well as the biological, but in a wider sense also for the 
abstract sciences: 

On pint mf/ne din a parltr tn rigmur, que presque ioutes nos connais- 
saiices tie sent que probables; et dans k petit nombre des choses que nous 
poui'ons sai oir avec certitude, dans Its sciences mathimatiques eltes-memes, 
les principau>; tnoyens de parrenir a la vlrite, I’induction et I’analogie, se 
fondent sur les probabiiites... (Laplace, 1820)'. 

One reason for the physician’s frequent mistrust of statistical 
methods is epitomized in the well-known allegation that ‘you can 
prove anything with statistics’. Some prejudice against mathe- 
matics is also understandable in a profession in which intuitive 
reasoning is generally preferred. These are sentiments without any 
logical basis. Statistics is one of the most vigorous branches of 
mathematics, and its techniques for the disciplined assessment of 
observational data can be readily mastered. Furthermore, it should 
not be forgotten that every medical diagnosis represents the result 
of an intentional or unintentional calculation of probabilities. 

This critical attitude towards statistics has its origin in their 
improper use as well as in their false interpretation. The statisti- 
cal method is no more than another scientific method and can- 
not by its nature provide proof or disproof. On the other hand it 
constitutes the only method of subjecting values liable to chance 
variation (stochastic variables) to fixed and reproducible criteria 
based on logical mathematical considerations. The converse of the 
saying quoted is therefore much nearer the truth, namely that no 
scientific inrestigafion is capable of proving anything without the aid of 
statistics. Human judgement is influenced to a very large extent by 
the subconscious wish and by the deep-rooted tendency - even in 
the worst of pessimists - to overrate one’s own chances. The most 
careful investigator can be led astray by these psychological factors 
if he fails to arm himself against them with an adequate measure 
of self-control: 


1. Introductory definitions* 

An experiment subject to chance factors may be compared to an 
operation such as the drawing of numbers in a lottery. Imagine a 
box containing balls bearing the numbers 0, 1, 2, . . ., 9. These arc 
thoroughly mixed before the draw is commenced. The player 
drawing the balls is supposed to have no influence on the selection. 

Using this analogy, we designate 


— the mixing of the balls as the randomisystion of the exper- 
imental material; 


(316) 


- the numbers 0, 1, 2, . . ., 9 distinguishing the balls as j 

variables or attributes) j 

- the aggregate number of balls in the box as the parent \ 

population) I 


(317) 

(318) 


- a draw as a trial) 


(319) 


- N trials as random sampling) 


(320) 


- the result of the trial represented by the drawing of the 
number 5 as the random event 5 ; 


(321) 


- the result of N trials as a random sample of size N, or 
briefly as a sample N) 


(322) 


- the succession of events as a random sequence (in the 1 
numbered balls analogy it is the random scries of numbers, [ (323) 
or random numbers ) ; J 


- the relative frequency of the variate values in the popu- 
lation as the probabilities with which these values will be (324) 
drawn; 


- the relative frequency of the variate values in the sample 
as estimate of their probability; 


(325) 


- the distribution of the probabilities of the different 1 
variate values as probability distribution, or briefly as dis- i (326) 
tribution. J 


Some of these definitions will be discussed in more detail later 
in this chapter. 


Le sentiment par lequel I’homme s’est place longtemps au centre de 
I’univers en se considerant commeVobjet special des coins de la nature, porte 
chaque individu a sefaire le centre d’une sphere plus ou moins etendue, et a 
croire que le hasard a pour lui des preferences. Soulenus par cette opinion, 
les joueurs exposent souvent des sommes considerables a des jeux dont Us 
savent que les chances Uur sont contraires. Dans la conduite de la vie, une 
semblable opinion pent quelquefois avoir des avantages; mais le plus souvent 
elle conduit a des entreprises funestes. Id, comme en tout, les illusions sont 
dangereuses et la verite seule est generalement utile. 

Un des grands avantages du Cahul des Probabiiites est d'apprendre a se 
defier des premiers aperfus. Comme on reconnatt qu'Us trompent souvent 
lorsqu'on pent les soumettre au calcul, on doit en conclure que sur d’autres 
objels il ne faut s’y livrer qu'avec une circonspection extrlme (Laplace, 
3820)'. 

‘The wish’ as ‘father to the thought’ may be an indispensable 
stimulus to research, but it has also been responsible - in the guise 
of ‘our experience’ or ‘our opinion’ backed by a few percentages - 
for much misunderstanding. One need only reflect on the wealth 
of new treatments and new drugs which after an enthusiastic recep- 
tion have been allowed to fall quietly into oblivion. 

Many a research worker in the past could have spared himself 
much wasted time and effort had he submitted his observations 
and hypotheses to statistical test before publication. Recognition 
of this fact has clearly become general during the last decades, and 
close links have now been established between clinical medicine 
and statistics. 

The growing use of statistical methods, however, is not without 
its own dangers. The general tendency is to overrate any new 
research tool, particularly when it is unfamiliar and complicated in 
operation. Too much uncritical dependence is placed on the results 
obtained: the limitations of the method may not be clearly recog- 
nized and the experimental data may be inadequately checked. Sta- 
tistical methods obviously allow of no such dispensation. On the 
other hand, the beginner will find that with increasing experience 
statistical ways of thinking will not only render him more circum- 
spect but give him a deeper insight. 


2. Population and sample 


A population is finite or infinite when the trials (draws) 
can be repeated a finite or infinite number of times. 


(327) 


A finite population, such as a fim'te number of balls in a 
box, can be converted into an effectively infinite one by- 
putting the balls back into the box after each draw. Such 
an operation is known as sampling with replacement. 


(323) 


From an infinite population an infinite number of samples 
can be taken, for example allofthesamesize A'. The total- 
ity of such samples of size zV is known as the sampling 
population N and their probability distribution as the 
sampling distribution N. 


(329) 


z\n infinite sampling population can also be taken from a 
finite population in a manner similar to that in (328), i.c., 
by returning the whole of the first sample to the box, 
drawing a second sample of the same size, returning this 
sample also to the box, and so on. AU sampling populations 
can therefore be regarded as infinite. This is one of the funda- 
mental concepts of mathematical statistics. 


(330) 


Quantities such as mean value and a-ariance which relate 1 
to the population are known as their counter- ! (331) 
parts in the sample as statistics. I 


Symbols relating to the population are here printed in bold 
type whenea-cr it is necessary to distinguish them from sym- 
bols relating to samples. Exceptions are the symbols for 
mean a-alue and a-ariance: these are respectively ii and c’ 
for the population and and r' for the sample. 


(332) 


• The mathematician will appreciate that this presentation is more rcadils- 
understandable by non-mathematicians than a strictly mathematical one. 
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table and event 


4.Frequency, probability, compound events 


is an event, then the non-occuttencc of A is ns 
•mintarj mnt, designated here as non-A Examples 
iccess ot fiilute, alive o* dead, 6 ot tioa-6 in die 
ring, etc. 

omplementary event non-y4 is often an event B Fot | 
pie, a gitl can be bom instead of a boy Such events I 
aovcn as mutual/y exe/uiivt nuHlt, denoted by AotB, ) 
A,B A and non-X m (3M) ace therefore by defini- 
mutually exclusive events I 


their e: 


;e heights being known 


to mean the nlative frequency 

The Khtivefiequency multiplied by 1 00 is known as the prr- 
anta^frt/punty Exemf>}t2. In 61 operations there areSfatal- 
ities The percentage frequency is then (3/81) x 100= 3 7%. 


V can take all possible values in some interval it is 
>\in as a nnlmuoMt random taruHtottaritili In this case 
hanges milinnonsfy Examples of continuous variates are 
gth, area, volume, weight, temperature, time and con- 
trition, 1 e , vaiiables that can ^ mtatartJ 

practice, continuous variates do not exist since all mea- \ 
ed values are rounded values For example, when the I 
d’esc mrerval a balance can measure is a millignnune, I 
• weight measured will be rounded od to the nearest 1 


le of discrete variables the same value may occur j 


e oecuttenee (or non-oceuitence) of an event A is 
icted by the condition that an event B has oeeurted 
occurs simultaneously, cf (1M)1. then event A is 
vn as a nnJilitnrJ innt, denoted by ^ I ^ and read as 
iC A under the condition B. B can represent several 
licions 

htative variables can be denoted by numbers, for I 
itple 1 fot success, 0 foe failure I ' 

e events ate already numbers they ate here denoted by \ 
ovidedthat other symbols are not in general use, asm | (340) 
rase of some sampling distributions ' 

(within a finite interval) takes only a finite number of 
les it IS known as a dutonliiMni random tarutfi ot 
tit In this case * changes by Ji/ertit amounts Exam- 
steO, 1,2,3, suecessea,2S,2d,27, respirations. 


The followmg symbols are used here for probability | 

‘Probability* in general Prob 1 

ProbabiLcies of mutually exclusive events . 1' f 

Probabilities of two complementary events . . j> and </ ) 
Inalaterseccimthe symbols sand 2’ will also be used [cf (37< 
and (17*)| 

In (1J4) probabilily was defined as the relalipi frtqutntj of a vaO'^^‘ 
(ot of an event, cf. (WJ)) m the pcpnlalien Propositions (3S0)-^3S5 
follow directly from this definition 
Every probability is a number between aero and one 1 
OfiPfobSl j ‘ 

An impossible event has a probability of rero, a eettain 1 /j,, 
event a probability of one J ^ 

Tht tourtru of (}$1) « not rahd 
An event with a probability of xeto is an almost impossible 1 
event, an event with a probability of one an almost certain | 


The sum of the probabilities ofaZ/mutually exclusive events 
Eu , in a single population is equal to one 
Prob(£,or£, ot. E») 

- 1 % + 2 ». + . + . 1 
where the total of all mutually exclusive events is + 1 

Prob(Eofr*oo-ij) = i* 4- r/ = 1 
It follows from (JSl) that a population with many mutu- ) 
ally exclusive events can be converted in various ways i (IS* 
into one with two complementary events J 

For example 

Prob [(£, or EJ or (E, ot E„)] 

-E ’ » nbn-E 

“ <*•» + + ( J*. + + 

“7* 

where the total number of mutually exclusive events is Af -i- 1 


From (IS)) It follows that 

Ofthemutua]IyexcIusivcevents/l,a,. , the probability \ 
that ather the event A ot the event B will occur is equal 
to the sum of their probabilities, pronA ilhat sht evtnls are I 
from on* and til tarn* popn/atian I 

Prob (A or S or . - 2*„ -t- 2*a + | 


two ot mote identical values occur « 
anulated’ variable they are known as lie 
(144) and (J4S) 


Cxamp/tS (of (ISS)] Incorrect application Assuming that the 
mortality of 8S-year-old$ is 0 5 and that of 86-yeac-olds 0 6, then 
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(3S6) 


the statement that there is a 1.1 probability of an 8S-ycar-oU dying 
either at 85 or at 86 is false. Here the error is already indicated by 
the probability figure of 1.1, which according to (350) is an impossi- 
bility, but it might well have been overlooked had the figure been 
0.4, as in example 5. The error arises from the fact that mutually 
exclusive events from tUffertn! populations, that of the 85-ycar-olds 
and that of the 86-ycar-oIds, have been added together. 

The probability of two simultaneous or successive events 
A and B is equal to the probability of the event A multi' 
plied by the probability of the event J3 under the condition 
A, or to the probability of the event B multiplied by thtf 
probability of the event A under the condition B. On 
conditioned events see (338). 

Prob {A and B) ■= Prob (A) x Prob (i? | A) 

= Prob(i3) xProb(.d|J) 

Example 7 [of (356)]. A box contains N balls, x red and N — x 
white. A sample consisting of two balls is drawn tvilhotit replacement. 
What is the probability of drawing {a) two red balls, (/>) a red and 
then a white ball, (r) a red and a white ball in any order? 

(a) The probability of a red ball at the first draw is xjN. The con- 
ditioned probability of a red ball at the second draw (when there is 
one red ball less in the box) is {x — \)j(N — 1). The probability of 
drawing two red balls is therefore 

Prob (red, red) ■= -4^ x 


(b) Prob (red, white) 


N N-\ 

X __ N —X 

"iV ^ N-l 
N — X * 


N 


N-l 


= Prob (white, red) 


(f) Prob (red and white) or Prob (white and red) 

= Prob (red, white) + Prob (white, red) 

= 2x{N-x)IN(.N-l) 

Examples [of (356)]. From the same box as in exarnple? a 
sample of the same size is taken, but mth replacement. In this case 
the probabilities are as follows; 

(a) The probability of a red ball at the first draw remains xfN. 
Since this ball is replaced in the box, the probability of a red ball 
at the second draw is the same : 


Prob (red, red) 


X 

iV 


X 


X 

In 


{b) Prob (red, white) = X 


N-x 

N 


= ~ — — X = Prob (white, red) 
N N ^ 


(c) Prob (red and white) or Prob (white and red) 

= Prob (red, white) + Prob (white, ted) 

= 2x(,N-x)IN’ 

From example 7 it will be seen that the probabilities change with 
each draw, i.c., each successive draw is clepenilent on the previous 
one. The corresponding statistical expressions arc dependent trials 
and dependent events. In example 8 the second draw is unaffected by 
the previous one, in which case the trials and events arc independent. 

In other words, in the collection of samples icomfinite popu- 
lations (no replacement), the trials and events arc dependent 
on one another fin the collectionof samplcsfrom/«A«iV<pop- 
ulations (replacement), they are independent of one another. 



Two simultaneous or successive events arc known ns 
stochastically dependent events when in (356) the condi- 
tioned and the absolute probability of an event arc not the 
same, i.c., when 

Prob (A\B) ^ Prob {A), or Prob {B\A) Prob (5). 
Two simultaneous or successive events arc known as 
stochastically independent events when in (356) the condi- 
tioned and the absolute probability of an event arc the • 
same, i.c., when 

Prob (.A\B) — Prob (^4), or Prob {B\A) = Prob (B). 
From (356) and (359) it follows that the two events A and 
B arc stochastically independent of one another when the 
probability of their simultaneous or successive occurrence 
is equal to the product of their probabilities: 

Jf Prob (A and B) = Prob (A) x Prob (B) 
then A and B arc stochastically independent of one another. 


(358) 


(359) 




In (358)-(360) the expressions ‘dependent’ and ‘indepen- 
dent’ arc coupled with the qualification ‘stochastic’. This 
is a precautionary measure of the statistician. In (358)-(360) 
a factual conclieslon is reached on the basis of a mathematical result. 
If such conclusions lie wholly within the domain of the 
probability calculation the expressions ‘dependent’ and ‘in- 
dependent’ arc completely valid, as in examples 7 and 8 
under (356). However, if they are extended beyond the 
mathematical domain into those of physics, chemistry, 
physiology, etc., then the qualification ‘stochastic’ is neces- 
sary since the conceptions ‘dependent’ and ‘independent’ 
do not necessarily imply a causa! connection. Stochastically 
independent events can very well be dependent on one an- 
other in reality’. The conclusion ‘independent ’ implies only actual 
independence of the events. It can be accepted if it is not in- 
compatible with the physical circumstances. On the other 
hand it can be regarded as proof independence were presum- 
able from the physical circumstances and the mathematical 
treatment led to the same result. For this reason the con- 
verse of (360) should also be noted : ^ 


If A and B are events independent of one another, then ) 
the probability of their simultaneous or successive occur- 
rence is equal to the product of their probabilities : > 

Prob {A and B) = Prob (A) x Prob (B) [ 

(ivhen A and B are independent of one another). j 

Example 9 [of (362)]. A box contains the events ‘-f-’ and ‘ 
equal numbers, so that the probabilities are 1/2. Samples art 
lected with replacement, so that in accordance with (357) the c 
ate independent of one another. What is the probability of dra 
a ‘ -h’ 5, 6 or 7 times in succession? The respective probabilitit 
(l/2)>, (l/2)«, (1/2)’, or 0.03125, 0.015625, 0.0078125. 


Example 10 [of (362)]. An infinite population contains the ei 
A and B with the probabilities X> and <1 respectively. What ar 
probabilities of the events AA, AB, BA, BB in two draws? 


Event 

Probability 


AA 


X 

p 


AB 

p 

X 


= 2pq 

BA 

d 

X 

p] 

BB 

d 

X 

d 

= d' 


= + 2j>q 9’ =(p + ( 

= 1* = 1, as it should be 
according to (353) 


In the expression j)’ -f 2i>«J' + ty’ the individual terms 
resent the probability distribution for the events two As, one A, 
no As (provided that no importance is attached to the order in 
event one A). A sampling distribution [cf. (329)] is thus obtained 
samples of size 2 from an infinite population, the complcmcn 
variables A or B, and the probabilities i> and O'. From this exan 
it will be seen intuitively how samples with 3, 4, . . . draws car 
dealt with : the sampling distributions can be written in accord.; 
with (113) as developments of (7> 4- e/Y, (/> + O')', ... Cf. Binoi 
distribution, page 183. 


5. Discrete probability distribution 

Example 10 under (362) demonstrated a simple sampling di; 
bution of practical importance that will be further discussed li 
in this chapter. At this point, discussion will be limited to a 
conceptions related to such a distribution. 

Given an infinite population with the events .v = 0, I, 2, .. ., 
and the probabilities then; 


X 

3’r-/(.v) 

Ib-n 

CC-V) 

0 

0.0010 

0.0010 - 


1 

0.009 S 

0.0108 " 

4 3’, 

2 

0.0U9 

0 054 7 " 

i>, + i\ 4 /■>, 

2 

0.1172 

0.1719 « 

I*, 4 /■, 4 . r\ + p. 

4 

0.205 1 i 

0.377 0 

etc. 

5 

0.2460 

0.623 0 



0.205 1 

0.828 1 


- 

0.1172 ; 

0.94.S3 


8 

0.0439 

0,980 2 


9 

0.009 8 

0 900 0 


10 

0.001 0 

1. 000 0 
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e column 1** — /(x) gives the probabilities fof the events 
),x-l,x-2, etc: 

fding to (JH) this IS the prcbabilily JiitnbKliOH for the 1 , . 
:s X — 0, X “ 1, *■“ 2, etc , denoted by/(x). J ' ' 
• ^’l\ 1 1 • I*. - t 


• OM) 


lese data tnay be represented graphically: 



Sinee x u i discrete vatuble (ef. (Xl)] the distributions/(x) and 
x) give stepped oirves. Ic follows that 


discrete random variable has a discrete probability dis- ) 
bution I ' ' 

le probabilities ate dependent on x, i e ,fortitrj m/xc/ I 
fhmuaitfimHprebMilj /(x) and f (*) are/*«/ic«/©f I 
whence the use of the aymtels / and F (the Greek I ... 
lets « and ^ are also fretjuencly used) The pattern of | 
obibilities can be expressed by a mathematical formula | 
m some other appropriate tmnnet I 


In Figure 1 the probabilities /(x) and/'Cx) are shown as stepped 
les m order to emphasize the similarity between discrete and 
immuous distributions (ef Tig 8) In fact, such a stepped curve 
luld represent a 'paKuUui' distribution [cf (144)^ tn which the 
iluei of X have been rounded off to whole numbers In this case 
I events between 4 5 and 5 5, for example, would be assigned to 
'ent 5 For this reason, another method is preferred beie for 
■presenting disetetc distributions which shows clearly that the 



la the cumulative distribution F(x) representing the probabili- 
ties of the events X e* 0, X — 0 or 1, x — 0 or 1 or 2, etc , the ex- 
pression x» 0,1 wilt in future be used inplaeeofx — Oot l.Prob 
(x 0, 1) can also be ■written as Prob (x g 1) From (3M) another 
notation is Prob (x <: 2,3,., ,iV), equivalent to Prob (x < 2} 


In general, the following expressions are valid for such 
discrete distributions. 

Pti)b{x <it + 1) — Probfx S i), or 
Prob (x < <8) = Prob (x S A — 1) 
and Prob (x > .t — 1) •= Prob (x S ifc), or 
Prob(v > i) = Prob(x S i + 1) 

With increasing values of k, the distribution F(x) thus 
produces continuously the probabilities for x ^ .fc or } (3t8) 
x<,fe-l-l. ) 

Gmvetscly. with decreasing values of the cumulative dis- i 
tnbutwn SJ*, frorafV in the direction of zero produces | <34?> 
continuously the probabilities for x S ^ or x > A — 1 i 

For discrete distributions m general the following should be 



,lll 

ll,. 


0 k 

Prob(x-^ 

^ill 

N 

(370) 

0 * IV 

Prob (X # A) - 1 - J', - 1 - f{ls) 

(371) 

■ ■ill 

0 k 

Prob <x Si 

N 

1) » Prob(x <A + 1) 

(3T2) 

- S J*.. best formula if .fe s Nj2 

(•) 

“ 1 - S •*'«. best formula if <4 S ///2 

(b) 

— F(x), best formula if F{x) is given 

(e) 

- 1 -21 

•„ best formula if 2 i'*r is given 

(d> 

■ililll.. 


Ptob(xJS 

A N 

A) - Prob(x > A - 1) 

(373) 

~ 1 - s’l 

best formula if A S A72 

(«) 

— E J*„ best formula if <4 ^ 

(b) 

~ 1 - F(4 

: - 1), best formula if F(x) is given 


— 2 1'vt best formula if 2 1** is given 

(J) 

.ill 

111. 


0 k 

Prob (As 
-Prob (A 

xSr) - Ptob(v = A,/,.. 
-l<x<r-)-l) 

1 (374) 

— 2 A'«. best formula if r - A S Njl 

(») 

-I-2J 

", — 2 best formula if / — A ^ JV/2 

(b) 

- F(i) - F(A - 1). best formuli if /-(x) is given 



• 2 A*x, best formula if 2 k’, is given 

(d) 
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N 

Prob (.V S - 1) Prob (>.• ^ j -1- 
f Pfob (.V < k) + Prob (.V > j) 

t . 

1 — best formula iC s — 

>r 

S + S i*x> best formula if s 


1 ) 

S AY2 

NI2 


0 i4 1 

« 1 — F(s) H- F(k — 1), best formula if F(x) is given 

N . N . N . 

best formula if S l‘x is given 
V » + 1 X 


(37S) 

(») 

(b) 

W 

(d) 


In (370)-(375) the best formulae for use in each, particular ease 
arc indicated. As a rule, the user must calculate 1*^ himself and 
then proceed with the formulae (a) or (b). The editors know of 

extensive tabulations of S only foe the Poisson distribution 
of 2 1'l only for the binomial distribution^- •*, of 2 I N, n, k 

X ® 

only for the hypergcomctric probability distribution®. Some publi- 
cations include also tabulated values of /(x). 

Example 1 1. Using the formulae (a) or (b) in (370)-(375), the 
probabilities for >6 = 2 and r == 8 are calculated from the values of 
f(x) given in the table on page 148. 

(370) : Prob (x - 2) = i*, = 0.0439 

(371) : Prob (x vS 2) = 1 - = 0.95(5 1 

(372) : Prob (x g 2) = i\ + jP. + “ 0-0547 

[by formula (a), since k < NjZ] 

(373) : Prob (x S 2) = 1 - -1- X*,) = 0.9892 

[by formula (a), since k < NjT.] 

(374) -. Prob (2 g x g 8) = Prob (x = 2, 3, . . ., 8) 

= 1 - (JP, + 1 \) - (X^. + JPi.) = 0.9784 
• [by formula (b), since s — k> Nft] 

(375) : Prob (x # 2, 3, . . ., 8) = (JPo 4- X*.) + (jP, + A,) = 0.021 6 

[by formula (b), since s — k> NjZ] 

Example 12. What is the probability of the event ‘xat least equal to 
1’? This is the same as saying ‘x equal to 1 or more’ (cf. page 132), 
and calculation using (373 a) gives 

Prob (x 1) = 1 - X\ = 0.9990 


Example 13 

Confidence intervals* and significance limits 
(Cf. also sections 8 and 9, pages 154-159) 

A. One-sided significance limits 

Given a, where 0 < a g 0.5, determine x, and Xr in such a way that 


Prob (x g X|) = X*, = 2 ! X*i g a and 
Prob (x g Xi + 1) = S X*i > a 
Prob (x ^ x,) = X*, — ^ Vx g « oud 
Prob (x & Xr — 1) = 2 i*x > ® 

xr-I 


(374) 


(377) 


For a = 0.10, X| = 2 and x^ = 8; for a = 0.025, Xi = 1 and 
Xr = 9. 


The following definitions follow from the above example: 

a is the postulated or nominal one-sided significance probability (378) 

JP is the actual one-sided significance probability, X*, being the 1 
left{looer)csr\iPrt.hcsright{upper)\cvc\,\v\i^P,anAPr^es. j ^ ' 

X, is the left {lover) and Xr the right {upper) significance limit (380) 



X*/ 


0 



Pr 


Fig.3. One-sided significance limits of discrete distributions. 


It should be noted that 

- if X attains or exceeds (to the left) the left (lower) signifi- 
cance limit X,, then in a one-tailed test 

Prob (x g X|) g a = Prob (x < x,+,) 


(3 


- if X attains or exceeds (to the right) the right (upper) 
significance limit x„ then in a one-tailed test 

Prob (x & Xr) S a = Prob (x > Xr.,) 


- rules (381) and (382) are valid for all significance limits 
of discrete distributions tabulated in these Tables. Else- 
where, significance limits of discrete distributions may be 
found which must be exceeded in an outvard direction if, 
for example, they are to satisfy the rule X*, g a. 


(3£ 


- as a rule the actual significance probability X* in discrete 
distributions is smaller than the nominal a, for small values 
of Af often considerably smaller. With incareasing values 
of Afthis difference decreases rapidly. (In example 13 with 
a — 0.10 or 0.025, the corresponding values of JP arc 
0.0547 or 0.0108. In this case the actual significance prob- 
ability amounts to only about 50% of the nominal.) 


(38 


The following definitions should also be noted: 


The range between x, -f 1 and A7or between zero and x, — 1 
is the one-sided confidence interval. 


(38! 



0 X, 


P, 


N 


0 




X4 


Fig.4. Onc-sided confidence intervals for discrete distributions. 


Xi or X, is the one-sided confidence limit when the other limit 
lies at A/ or zero. 


(384; 


The probabilities 1 — X'j S 1 — o and 1 — X% fe 1 — a are the one- 
sided confidence probabilities: 

Prob (x, < X g A/) = 1 - X*, = 1 - V g 1 _ a (387) 

0 

Prob(0 g X < X,) = 1 - X*, = 1 - S X'x & 1 - a (388) 

Xr 

From (380) and (384) it will be seen that significance limits I 
and confidence intervals arc determined mathematically t (389) 
according to the same principles. I 

B.Tvo-sided significance limits 

If a left and a right significance limit arc determined jointly ] 
for a discrete distribution according to rules (374) and } (390) 
(377), then for the two together X*, -b JP^ g 2 cx. ) 


In this case the following definitions apply: 

2tt is Xhz postulated or nominal tvo-sided significance probability. (391) 

X*i -b X% is the actual tvo-sided significance probability [note 
also '(384)], where P, ■= X*, in symmetrical distributions 
and jPt v® JPr in unsymmctrical distributions, although 
both satisfy rules (374) and (377) (cf. Fig. 5). 





■ v, ;V 


F/^.5. Two-sided significance limits fordiscrctc(unsymmctricaI)distributions. 


.\-,and.\vt ' ■ ’ '■ ■ limits (with J 
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It should be noted that 


la practice thereroce the following should be noted . 


hen X allams er txettds (outwards) ciu of lit lav signifi- 
ince limits *-j or x„ then in a laiy-iu/tJ test 
Prob (x S X,) + Prob (xSx,)S2a- 
Prob(x <X|,,) + Prob(x>x,.i) 



■»* 

'if ( Tao-tiJcd iigniticance limits fot discrete (symmeincsl) dismtxmons 

The following definitions should also be noted 
rhe range between xj + 1 and x, — 1 is the two-sided eon- 1 . 
idence interval, or briefly ten/iJtiiei mimal j ' 



Fot tenliatuKf distributions (with an error of zero magni- 
tude) 

Ptob(x Si) canbe written as Prob(x <i) 

Prob(x S i) can be written as Prob (x > i) 

In discrete distributions the individual probability Prob (x ~ 
canbeieadftom/(x)buc this no longer applies in continuous 
tributions 

la acontinuous distribution, /(x) IS the ifcniiV^ I 
fmuttm at the point x. | ^ 

The cumubtive probability distributionF(x) has the same \ 
signiflcmce in CMitinuous distributions, however, as in 
discretedistnbutions'icrepresentstheprobabilitiesofthe I 
events x £ i In contrast to the case with discrete distri- f ' 
butions, the litter are equivalent to the events x < i I 

(cf. (m)j J 




In discrete distributions, i^(x) is the sum of the individual 
probabilities (cf. (172)] In continuous distributions, F(x) 
IS an mltgraf 

f (v> - 

I e , F(,x) corresponds to the area between the abscissa and 
the curve /(x) from — « to v 


(<02) 


u, and X, are the two-sided confidence limits, or briefly ton- 
Unit /imfr, whereby it should again be noted that sigtufi- 
:ance limits and confidence intervals are determined mathe- 
matically according to the same principles 

The orebability 1 — !*« — 1% 5 1 — 2ei is the actual two- 
tided confidence probability, or briefly 
Psob(X|<x <x,) - I — 1*, - 1*, 

-1 - 2 « 


(JM) 


am 


t.Ceniinuoua probability distribution 

A comparison of Figures 1 and 8 reveals (he similartcy between 
ditcreteandcontinuousdistfibutions When the distribution shown 



ProS(x Si) - Prob (x < i) -1- Prob (v - i) - Prob(x < i) -b 0 



The total area between the abscissa and the curve /(x) from 
— ooto + VO amounts to unity [cf. (JSJ)] 

/■<«*) - 1. F(- = 0 


Fn ro 

For continuous distributions the equations analogous to 
(772) ate the following 

Ptob(x - i) - 0, cf (3S2) and (J>«) 

Prob(x ^ei) - 1, cf (3S2) 


Ptt*(xSi)-Prob{x<i) 

-_//(x)yx-r(i) <*) 

= 1-//Cx), w 




(403) 


Prob (x £ i) - Prob (x > i) 



“l-[/{x)./x-l- 
“ //(x)yx 


F(i) 


(406) 

(0 

(h) 
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Prob (it .V S 



/ /(>■') - J fix) dx ] 

I 

” 1 - !/(x)dx - j/(x)dx- 

“• s 

I fix) dx 

jt 


(407a) 

(b) 

(c) 


Prob(.v<t)+Prob(.v>/) «= j fix)dx + J fix)dx \ 

~ « ) (4v83) 

■=1 -i^(/)+i^(t) j 

= / fix) dx + J fix) dx (b) 

-• $ 

= 1 - / fix) dx (c) 

1 ; 



In equations (40S)-(40a), comparison with (399) shows for 
example that Prob (t g at S r) is the same as Prob ik <:x ^ s), 
Prob (t g < s) and Prob (t < x < r). 

The numerical values of the various integrals in (405)-(408) for 
the most important distributions will be found in the statistical 
tables on pages 28 onward. They will be discussed further under 
the headings of the individual distributions later in this chapter. In 
the examples below in which probabilities in the normal distribu- 
tion arc calculated, the abscissae x arc designated deviations c. In 
the table on page 28, Fie) values are tabulated on the right (devia- 
tion-^ integral), i.c., the frobabiliHes F(e) for given deviations c. On 
■ the left (integral ^ deviation) arc deviations c for given probabili- 
ties, so that here the deviation r is a function of F(c), known as the 
quantile r (cf. section lOE, page 160). Such a function is known as 
.an inverse function. Tables of inverse functions are useful but not 
absolutely necessary. The values required can also be obtained from 
tables of basic functions by interpolation. 

Example 14. The probabilities for A = — 1.65 and s = 1.96 arc 
calculated for the normal distribution using the form (a) of equa- 
tions (40S) to (408). 

The right-hand side of the table on page 28 gives E( — 1.65) = 
0.04947 and Fil.%) = 0.97500, so that 

(405) : Prob(r g - 1.65) = 0.04947 

(406) : Prob(r 5 - 1.65) = 1 - 0.04947 = 0.95053 

(407) : Prob(-1.65g eg 1.96) = 0.97500 - 0.04947 = 0.92553 

(408) : Prob (e tS - 1.65 to 1.96) = 1 - 0.97500 + 0,04947 

= 0.07447 

Example 15. Given the probabilities Fie) = 0.001 and 0.995 it is 
required to find the corresponding deviations e. The left-hand side 
of the table on page 28 gives e — — 3.0902 and 2.575 8. The cor- 
responding values taken from the right-hand side without inter- 
polation are 3.09 and 2.58. 

Example 16 

Confidence intervals* and significance limits 
(Cf. also sections 8 and 9, pages 154-159) 

A. One-sided signifieanee limits 

Given «, where 0 < a g 0.5, determine and .v, in such a way 
that 

Prob ix < X,) — JP, = J fix) dx = Fix,) = a (409) 

Prob ix > X,) = = / fix) dx = 1 - J fix) dx | 

= 1 - Fix,) = a j 

From (4t0) it follows that Fix,) = 1 — a (4lt) 

For the normal distribution, the table on page 28, left-hand side, 
gives for a = 0.025, x, = — 1.96 and x, — 1.96. 

The definitions of the symbols a, X’,, x, and x, in (40?) and 
(410) arc the same as in (378), (37?) and (380). 


* Also known as ‘tolerance intervals’. Cf. section 8, page ISil. 


It will be noted, however, that in contrast to discrete 
distributions [cf. (384)], the actual and nominal signifi- 
cance probabilities in continuous distributions arc of the 
same magnitude. Jn continuous distributions therefore, 
the simple expression ‘significance probability’ is used, the 
symbols JP and a becoming synonymous. 

As in the case of discrete distributions it follows that: 

If X attains or exeeeds (to the left) the left (lower) signifi- 
cance limit X,, then in a one-tailed test 

Prob (x g X,) g a = Prob (x < x,) 



Fig.11. Onc-stded significance limits for continuous distributions. 

If X at tains or exceeds (to the sight) the right (upper) signiS- j 
cance limit x„ then in a one-tailed test I (^ 

Prob (x X,) g ct = Prob (x > x,) j 

The following definitions should also be noted: 

The range between x, and <>= or between — oo and x^ is 1 
the one-sided confidence interval. j 



X, and x, ate the one-sided confidence limits when the other ) 
limit lies at <>0 and — respectively. Again, significance I 
limits and confidence intervals for continuous distribu- )■ (41 
tions arc determined according to the same mathematical I 
principles. 

B. Tivo-sided significance limits 

When a left and a right significance limit ate jointly deter- 
mined for a continuous distribution according to rules 
(40?) .and (410), then for the two together JP, + F*, — 

2JP =2a. 

In this ease 



2jP = 2a is the ta-o-sided significance level. 

-v, and x, together arc the tao-sided significance limits, or 1 
briefly the significance limits. j 


(411 

(4Ii 



Jf) Jt 

Fig.lS. Two-sided significance limits for continuous distributtons. 


It should be noted : 


If X attains or exceeds (outwards) one of the ta o significance 
limits -v, or x,, then in a ta-o-tailed test 
Prob (x ■& x,) + Prob (.v S x,) g 2 a = 

Prob (x < X,) -f Prob (.v > x,) 


The following definitions should also be noted: 

The range between X| and .\v is the ivo-sidcd confidence 
interval, or briefly the confidence inUrval. 


( 421 ) 



Fig.lS. Two-sided confidence interval for continuous distributions 
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f,«ndx,*re the/*^/i'<**/confidencelirrut» (withjynimet- 1 
•icil probability), or briefly the confijtnci limits. J 

rhe probability 1 — 2 1 * » 1 — 2 a n the two-sided confi- 
dtoce ptobibi\ity, or briefly the cen^dtnet pnhMily: 
Ptob(x,gar£x,)-l-21* 

- 1 - f/W Jv - //M^v - //M* 

“ i /W - / Six') d'<-> F{x,) - /■(«,) - I - 2a 


The bias described above is a mathematical one, that Is, one 
hetent m the estimation If the magnitude of this ‘mtetnal’ bu 
knovm, u can be eUniinated by appropriate corrections*. An t 
mate ean also have a non-mathematical, 'enternar bias, howe 
due to eiiots of rfieasutement or judgmenr, to nonrandom 
kuion of samples, or to both these causes Such a bias js n 


7, Estimates 

The Tariables of a population ate usually Vnowibutnotal'inys 
the type of distribution and rarely the patarneters, so that the distn- 
bution or its parameters must be estimated on the basis of samples. 
Estimates can be calculated from a sample using the same rules 
as for calculating the corresponding parameter of the population 
This method of estimating is frequently used but it is not the only 


unnecessary in practice since for the commonest eases a reeogniaed 
estimating formula can be used- 

7A. Expectation and bias 

It vs assumed that stv estimate of some parsmet ec P from a sample 
of SIM N IS required 

Experience has shown that when a number of simiUr t 
estimates ste made ftom samples of the ««» sue the mean | 
oftheseeitimatestpproaeheselosetsndclosectoadefinite I ..... 
TiJue - the txpttttd w/w oe txp*(Uli^ of the estimate . i ' * ' 
when the number of samples is increased toward infinity I 
(<f Fig.15) I 

This eonvergence, however, is not a eonvetgertce >n the usual 
mathematical sense but a nmfriferi m prsMihiy or HtthMUt rwum- 
j!»Sfr,i e t'lhtprtPahhlfihai ' ecifr^t Isaarj iiiitt;t ft xts»lsf (W)J 
\\ hen the ezpeetaiion of tn estimate is equal to the para- I 
meter, the estimate is said to be imbittid Vi hen this is not | (4U) 
the case, the estimate has but > 



Nunibcf of Umplci of tiM ft 



7B. Consistency 

As tn (414), experience has shown that with increasing san 
size, estuttatts also usually tend toward a definite value, the 
peeled value in infimlely Urge samples- 


If with incseixing sample size A^a parameter remains 
fontunt, then 

Pfob ( I estimate minus expectation ] c r) 1 
(t > 0), as the sample size N-*- 
(a) IS also valid for parameters that with iaereasmg 
sample size N increase in proportion to N, N\ etc 
whw the absolute value of the difference between 
estimate and expected value is divided by Af, etc 


(» 

W 


C 



7C. Efficiency 



reader is refetred to the original publications 

Here the moil iiliwsn is defined as that unbiased ) 

estimiK of a parameter with variance equal to the lower I 
boundofRAO.CaAii£R.Thiswillbeissignedanefficiency | * 
of foar. ) 

EMiirutcifuJfiUin^rondjtionfejSin"-—— - > 


The bus can be dependent on the size of the sample Asarule 
It IS larger viih small samples and tends toward zero when 
the sample sire N spproaches irAnity Such estimates ate 
Inown as aiympMicilly asJurr/eitinutes (ef Fig 16) 


(42«) 



Crolen line •. Eapeoed nlue E of anesiimste from sample* of «>* N 
rullline - Fatimatt 

^ » Piftmettr 

f'tg, IS All rnr-toTicsIlr urbiased estimation 


AsymptoucalJy most efficient estimates of (4}>) are suit, 
able for x* tests, others not 


As a rule, the standard deviation of an estimate decreases ei 
absolutely or relatively (to the magnitude of the estimate) as 
sataplesize increases (cf Fig 17) 

Jfapanuneter remainr nmlanl with increasing sample | | 

size, the standard deviation of its c».imatc shows 1,1 
stochastic corivergence toward zero of the order of | *'M ' 
I/^IV with meteasing Sample size A' | j 


• 'llipVr' from the luivipoint of ihe non rrathemaiician 


• Coeteetion* are not alvay* poasib i.iraen fC i* finite 
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(fl) is also valid for parameters that with increasing 
sample size N increase in proportion to N, N*, etc. 
when the parameter, the estimate and its standard de- 
viation arc divided by N, N’, etc. 



.r Hsiimatc 

P I’aramclcr 


7D. Sufficient estimates 

An estimate or combination of estimates that in any given ] 
ease yields all the kjormation it is possible to obtain is J (4: 
known as a sufficient estimate. J 

Information may be imagined (more or less) as the recip- ) 
rocal of the variance. j 

In conclusion it should be noted that as in the case of bias, t 
variance of an estimate is dependent on the e.vpcrimental conditio 
and can be reduced by suitable planning of the investigation. 

The designations ‘consistent’, ‘efficient’ and ‘sufficient’ arc due 
R. A.Fisher. However, Fisher reserves the term ‘efficient’ forthc 
estimates described here as suitable for x' tests [cf. (430) and (431 

8. Confidence limits and tolerance limits 

8A. Confidencelimits forcontinuousanddiscretedistributior 


(b) } (432) 


/•'/j;.// 


If the efficiency of the estimate A is 100%, that of the 
estimate B for the same parameter 75%, then the sample 
size when using method B must be 100/75 times larger 
( '/d as large again) than when using method A if the same 
degree of precision is to be obtained [provided that (432) 
applies]. 

Thus by increasing the size of the sample a less efficient 
estimate can be given the same precision as a more effi- 
cient one, 

or conversely, for a given degree of precision the sample 
size can be smaller when a more efficient method of esti- 
mation is used (cf. Fig. 18). 



N 

FiS- IS- a *■ precision of the estimate. 


(433) 


(434) 


The question arises of which method to use in estimating a para- 
meter when several formulae are available: that which yields the 
most efficient estimate but is more complicated, or a simpler but 
less efficient method? Theoretically, only the most efficient method 
should be used; in practice, however, the niceties of mathematical 
usage must be tempered by other considerations. 

The most efficient of the known estimates of a parameter ' 
should be used 

- when tests arc expensive in comparison with simple 
counting [cf. (434)], 

- when the tests cannot be repeated, 

- when x’ tests are planned, (43S) 

- when the result must be as exact and informative as 
possible, 

- when the most efficient estimate has been used in 
similar studies by other investigators (thus offering the 
possibility of comparisons and significance tests). 


Where none of the reasons given in (43S) apply, a less effi- 
cient but rapid method of estimating should be used 

- when simple counting is more costly than the tests [cf. 

(-n't)], 

- when the precision of the method suffices for the pur- 
pose in mind, 

- when the object is simply a rapid preliminary check of 
the results, 

- when the investigations arc of a routine nature, 

- when it is necessary to check more efficient estimates in 
the calculation of which there is a high possibility of error. 


(436) 


In this subsection it is assumed that the reader is familiar wil 
examples 13 and 16, pages 150 and 152. 

The estimation of a parameter alone docs not yield a great de 
of information. In a continuous distribution, for example, as (391 
shows, the probability that the estimate [x in (398)] and paramcti 
[k in (398)] agree is equal to zero. More information is provided h 
calculating from the sample the two values Ay and x, that with a hii. 
probability enclose the parameter between them. Such limits at 
known as confidence limits. The associated terminology and matht 
matical definitions arc given in examples 13 and 16 (pages 150 an 
152). 

The confidence limits used here arc characterized as follows: 

They arc identical with the confidence limits of J.Nevm.sn'*. (439 

The parameter to which they relate is a constant. (440 

They arc estimates and therefore random variables. More- ] 
over, the position of the limits as well as the tridth of the con- J (441 
fidence interval is a random variable (cf. Fig. 19). I 

O.Bi 
0.7- 
0.6- -v, 

0.5- 
0.4- 
0.3- X, 

0 . 2-1 

Fig.tP. 95% confidence intervals for the parameter ofa binomially distrib- 
uted population, calculated from 20 samples of size 40. 


For a given sample size, more efficient estimates result in a 
narrou’cr confidence interval than less efficient ones. 


(442) 


In analogy with (432), the confidence interval becomes abso- 
lutely or relatively (to the magnitude of the estimate) narrower 
with increasing sample sire. 


When a parameter remains constant with increasing 
sample size N, the confidence limits show stochastic 
convergence of the order of 1/|'7V toward the para- 
meter and the width of the confidence interval shows 
stochastic convergence toward zero (cf. Fig. 20). 

When the parameter is divided by N,N‘, etc. and its 
confidence limits by A', N', etc., (.a) is also valid for 
parameters that with increasing sample size N increase 
in proportion to N, N', etc. 

Confidence limits arc to be interpreted as follows [see also 
(4S6)]: W'hcn very many (infinitely many) samples of the 
same sic^e arc taken from the same stable poptdation and the 
confidence limits calcul.itcd for each, then these limits 
{one-sided confidence intervals) 

- will enclose the true value of the parameter on the 
average in 5 100(1 — a)% of eases* 
or (an equally valid interpretation) 

- will not enclose the true value of the parameter on 
the average in g 100a% of eases* 

* The 'greater than’ and *sm.allcr th.an* signs apply to discrete distributions, 
the 'equals’ sign to continuous distributions. 


(a) 


(b) 




(a) 


1(b) 


(443) 



■ ‘'ii 


Statistical Methods 


iiJtd lonfiJmt mltrtals) 

U enclose the true value ofthe parameter on the I - . 
ageinS100(l-2a)%ofcase5» P' 

mecjuaW^ vahd mterptemson) 


parameter I f 

a rule, the confidence probability 0 55 (more rarely j 

>) isuseduimedical and biological studies,! e , a (one- I 

;d intervals) or 2 a (cu-o-sided intervals) is equal to 0 05 j 
ire rarely 0 01) J 

-ormulae for the calculation of confidence intervals for various 


Sample lehranci limits without tonfiitnct probability. When 
very tiuny (infinitely many) samples of the samt are 
taken from the same stable population and the tolerance 
limits calculated each time, then these limits 

- will endose on the everagf 1000,®'o of the popula- I . . 

tkxi j 

or (an equally valid interpretation) 

- will wtf/ enclose on the average 100(1 - 0,)?o of ) 

the population, whereby on the average lOOa'o of i 
the population will he bilow the left (lower) limit and I 
lOOsi/a ahoie the right (upper) limit j 

Sample talerasue limits » ilh tonjiitnet probability B, VC'hen very j 
many (infiiutely many) samples of the same ii^e are taken 
fromthe and the tolerance limits cal- > (i$t) 

cubted each time, then these limits will include at least 
100p^%ofthepopulationininavetageofl00B<% of cases J 


Fiiuiial limits. This concept, introduced by R A Fishe*, Strictly 
caking has a sense di^erent to that of the tonfidente limits of 
Nctuan fiAf«fl//i*i/reanbe precisely determined only foteet* 
n continuous distributions. For discrete disttibutions they can 
detettnined tpptoaimately, but then only when the sample site 
latge Cs>yfin«/>m/rare not subject to these limitationsaM their 
e 11 therefore preferred here 

J.Tolcrsnce limits foe continuous distributions 


he percentage of the Mpulation is expressed as 100 ) 

le confidence ptobabilicies associated with tolerance | (44T) 
mils IS 0, I 

Ht) and (441) are also valid for tolerance limits. (441) 


Confidence limicj 


DiStcibtuion of 
•' the population 


of a sample and a later single observation*. I 

Tolerance intervals P'lth confidence probability [interpre- \ 
tation (4S«)] are wider than those a'llhout, as would be I 
expected With increasing sample size, however, both 
intervals converge toward the limiting interval of (4»») j 


present these have rarely been calculated precisely according tq the 
rules for tolerance limits* However, with the eid of the tables 
given in this book, their exact calculation will involve additional 
calculation only m a minimum number of cases 

Norma! rangts should therefore be determined in aeeoid- 
anee with the rules for tolertnee limns, and 

- ingeneral,asiolersnceintetvaU»i/^e»/eonfidenee 1 

probability (inierpfeiaiion(4Se)I for 100 95% } (*) 

of the population {cf (4S2}] ’ (4S4) 

- in qoecial cases /usually industrial, where for ev- i 

ample the wasuge must lU kept as low as possible), I 
as tolerance intervals with confidence probability B, I ^ 
(inierpteiation <4St)] ] 

In the above teat the word ‘normal’ has been used - iti 'norinally 
distributed* and 'normal range’ - m two different senses 


F>r X CooTrrgtnce of coftfidence and tolmncc limiit 

In analogy with (443), tolerance limits also converge \ 
itochascically with increasing sample size, but not toaarj I 
one but torarJ two limiting parameters, namely those cor- I 
responding to the quantiles of the population between I j™. 
which lies the percentage of the population to which the I ' ' 

tolerance limits relate The tolerance interval between I 
these limits thus tends iw/ fooari but towatd a PenfiM I 
»*»// number (cf Fig 20) / 

Like confidence limits, tolerance limits can be one- or two-sided 
The following statements refer to two-sided tolerance hmits in 
which 

0, - I - 2z. sndaOefO- a(right)-//{x)rfr- / /{x)/v 

Tolerance limits with confidence probability 0, must be distin- 
guished ftom those without They are interpreted as folloxra rnote 
also (ej»)l ' ‘ 


IC-Distribution-free confidence and tolerance limits 
(Cf also section lOF, page 161) 

Statemenu (444). (4J0) and (4JI) are correct only when 
the sample m fact originates from the population for 

parameter or percentage the limits were calculatei’. (4S»; 
^ formulae for calculating these limits are specific fo* 
the individual types of population 

If the type of distribution of a population is unknown, as is often 
the «se. It IS pointless - particularly with small samples _ m 
calculate confidence and tolerance limits on the basis of 
conceming the distribution that are not justified by expeneneV the 
experimental conditions, and so on ^ 
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In such Cases tl\c so-called dislrihiition-frec confidence and 
tolerance limits are used, provided that these are available 
for the case concerned. Statements (444), (4S0) and (45t) 
arc then valid villwul any slipiilalion as la the disiribntion of 
the population*, i.c., they are valid for all populations 
with the sole provision that these ate eonliniim. 


(457) 


Distribution-free confidence and tolerance limits are ii'ider than 
those calculated for populations of a specific type. This is under- 
standable in view of the fact that they must satisfy (444), (450) .and 
(451) for populations of widely differing kinds. 

Distribution-free confidence limits for quantiles (median, quar- 
tilc, percentile, etc.) of small samples (up to AI=100) of contin- 
uous populations can be read oSwillioiit calculation from the t.ibles 
on pages 104 et seq. An introduction to the calculation of distri- 
bution-free confidence and tolerance limits will be found, together 
with formulae, in sections lOF (page 161) and 20F (page 186). 

The t.able of distribution-free tolerance limits on page 128 can 
be used to solve problems of the following type without the need 
of calculation: At the start of a series of tests it is often necessary to 
decide the size of the sample to be taken wliiii it is impossible to htom 
the form of the population distribution. On the one hand the sample 
must be large enough to be reasonably representative of the popu- 
lation, on the other hand not unnecessarily large and wasteful. The 
answer is provided by distribution-free tolerance limits and for 
most purposes these can be read off directly from the table men- 
tioned. For example, if the two extreme values of the sample are to 
include 90% of the population with the high probability of 0.999, 
then the table gives a sample size of 88. In other words, if a sample 
of size 88 is taken, then with a probability of 0.999, 90% of the 
population will lie between the 1st and 88th values of the sample. 


9. Statistical significance tests 
9A. Introduction 

With a ‘true’ die the probability of throwing the number 1,2,..., 
6 is by definition exactly 1/6, and the probability of throwing an 
even number is exactly Vz. In accordance with (331), the probabil- 
ity % is a parameter of the population of events ‘even number’ and 
‘uneven number’ produced by throwing the die. 


0.8 

0.7 

0.6 
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0.4 
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Fi£.2f. 95% confidence limits (left) and corresponding 5% significance limits 
(right) for a given sample size (cf. legend of Fig. 19). The points ate estimates 
p of the probability j) = 14 (shown here as the parameter P). 


Such a die can be used to check statement (444d). 20 samples of 
40 throws each arc made and in each sample the uneven numbers 
thrown used to determine the 95% confidence limits given in 
Figure 21 (left) for the parameter Vz. In accordance with (444d), 
one of the 20 confidence intervals docs not include the parameter 
(note arrow). 

Supposing now that these confidence limits had been obtained 
not with samples consisting of twenty throws of a known die but with 
separate samples from each of twenty unknown dice. The suspicion 
would immediately arise that ‘something was wrong’ with that die 
for which the confidence interval did not include the parameter Vz. 
Only one sample has been thrown with this die, and in this first 
solitary sample a rare event occurs that according to (444d) should 
only occur in the long run in 5% of cases**. The suspected die is 
therefore declared to be loaded, but with the reservation that this 
assertion may err with a significance probability of 0.05. 

This is the principle on which, mutatis mumndis, all statistical 
tests arc based. 


* Hence tbc expression 'ciistrihution-free*. 

•» Further consideration will show that such an occurrence is possible, al- 
though with a much lower probability, since (444d) gives no indication ahn 
a rare event has to occur in a scries of tests. ir/M rwedon crenft no inchfcrecoil 
tan be made when the leili are independent. 


9B. Significance limits 

The c.xample given above demonstrates that signific 
can be performed with the aid of confidence limits: 

In a significance test based on confidence or tolerance limiti 
1 or 2 randomly variable limiting values arc compared with 
known or hypothetical fixed parameter value (cf. Fig. 21 
left). 

Many significance tests are performed with the aid c 
cance limits: 

In a significance test based on significance limits in the usua 
sense, 1 or 2 constant limiting values arc compared with : 
randomly variable test statistic (cf Fig. 21, right). 

It is immaterial whether significance tests are made on the 
basis of confidence and tolerance limits or on the basis of 
significance limits in the usual sense : the result is the same 
(cf. Fig. 21, left and right). With both methods it is valid 
to deduce a significant difference [cf (381), (382), (394), 
(413), (414) and (420)] when the test statistic ties at or outside 
the limits. 


Confidence limits, tolerance limits and significance limits 
are intimately bound up with one another: 


~ cither they differ from one another merely sym- 
bolically and are numerically identical 

- or they differ in respect of formula and numerical 
value, with the formulae mutually interconvertible. 


I (b) 


Example 17 [of (441 a)]. In the binomial distribution 


If 


Vl <P < Pr 
Pi <P <P, 


arc significance limits for p 
arc confidence limits for j) 


where p are constants and p random variables. When 
then Pi — pi and 3^, = pr (for the same sample sire). 


Example 18 [of (441 b)]. ^ is the mean, sp the estimated s( 
deviation of the mean of a sample from a normally disti 
population, p, is the mean of the hypothetical populatior 
significance limit (corresponding to the sample sire and i 
significance probability) of the Student distribution (see ; 
12 A, page 166). Then 


K X — t Sp < a-i < S< + t Si 

— t Si <tz — \li< + t Si 

X — Pi 

— t < — < -f r 

rj 


arc confidence limits for p 

arc neither confidence lim 
significance limits in the 
sense (like the test statist 
limits arc random variabl 

I arc significance 
I limits for si 


All three formulae are suitable for testing the null hypt 
Po = Pi [sru (444)]. This is done by replacing pi by the hypi 
cal comparison parameter po and noting the position of the 
with regard to the limits. The simplest formula (for beginr 
the first, the second allows the quickest calculation, while thi 
is that most commonly used. 

When the simple term ‘limits’ is used here in connectiot 
significance tests [cf. (440) and (441) and their examples], then 
limits arc meant which conform with rules (374) and (377) oi 
.and (410), depending on the population under considcratior 

ylll limits suitable for significance tests converge abso- 
lutely or relatively with increasing sample size or with 
increasing numbers of samples of the same size [when 
(432) holds]. The statements in (443) and (449) concerning 
confidence and tolerance limits arc valid for all such limits. 


It follows from (442) that: 

With increasing sample size, any difference existing ] . 

can be demonstrated more and more significantly. | ' 

With increasing sample size, smaller and smaller dif- 1 
fcrcnccs can be demonstrated for any given signifi- j (M 
cance probability. ' 
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When there »» a real difference - shown by small 
samples to be S)gni£car t - between a real and a hypo- 
thetical population, then w ith increasing sample sue 
the assumption that the teal population iifftri from 
the hypothetical will be tenfrmtd (usually) with in- 
creasing significance (cf Fig 22a). 


W 


W hen there is a teal difference that tanno! be shown t 


When there is in fact difference between a teal and 
a hypothetical population, then it may be possible to 
demonstrate this with some certainty with very large 
samples (with complete certainty only u ith infinitely 
large samples) 


{*) 



a(<f blrf (<Md)) 

Fiiila aadi i« the hypothetical pirameteti ft that lo be ksk <). *t and 
v, are the confidence liiriti of ft converging ■aith increasing tample aiic 


ICSignlficance teats 
Crnrrj/ 

AH statistical tests ate based on the fundamental pnnciple | 
ofcomprmRanwlbfleartpopji/rftMuftoinwhiehthesattipIe j MM) 
originates with a hyptlhtlnal papulahan I 

<d// statistical tests confirm with ptecise significance ptob- I 
abilityonlydiffetenceabecweenthepopulaiionscompated, ) 

»e/ theie identity [cf also (4«)1 i 

Thehypoihesisi/,thai2populations are identical IS known i 
asthe»»//A/fe/A/«/ As implied in (4M), it is usually postu- j 
bled in order to be JupnttJ I 

The eaptession null hypothesis is derived ftom the postulated 
identity of the popubtion /*, from which the sample onginaces 
with the hypothetical population f,, whence P. «• f ^ so that 
P,~P,- O(null) 

VH hen i statistical lest* 'demoostrstes' a difference between j 


(4*7) 


d.lTerence where none exists, is « or 2 a ) 


Poster «/aUi/ 

The probability 1 ~ {3, i e , the probability of disclosing a 
didereiice when one actually exists, is known as the poser 
of a test. 

Ftom (449) It follows that the power of a test can be in- 
creased (usually) by increasing the sample sue 


(472) 


Rematlts on (472) A useful analogy is that of the police seatch- 
tng for a ainunal the more that is known about him, the wore 
effective (more powerful) will the search (the test) be 
The rtlJtim power of different tests having the same ob)ect 1 
can osfy be decided by their use on Aress populations j ' ^ 

Remarks on (472) The relative power of a lest (previously cal- 
culated on the basis of some specific situation) is thus useless as a 




j (47« 

j (471) 


hiterprtlaimi {cf also (47*)) 

When the purpose of a setic* of experiment* is to demon- 1 
strate the tdenruy of two populations, then tht/ailm pf an 

apptoptrttetestioestablishasignifieamdiffetenceiuitifiei > (474) 

acceptance of the null hypothesis as long as it is rot eon- 
(toverced by further experimentation J 

Remaiks on (47*) It « a common mistake to consider the iJen- 
t.ty rftwo pt^lations as proven when no significant difference 
can be shown [cf also (4*2d and c) and Fig 22bl 

e*J>erimenti is to demon- ^ 


(475) 


Remarks on (475) The interpretation 
wouU be incorrect (cf also (4*2d and e) 

Ose-UiteJ and Isv-tai/ed lull 


'There n difference’ 
and Fig 22bJ. 


The probability of making an error of iki leiond kmd, t e , of 
accepting the null hypothesis when it i* untrue, m other 
oofds of not determining a difference where one exists, » 
3 The probabilities a and 3 closely related as a de- 
creases 3 increases, and vice versa (note, however, that 
3 IS w / 1 - X or t -2x, the reader is referred to mote ad- 
vaiKed staiistieal treatises for a detailed discussion of this 
relationship) 

ts iih increasing sample sue it can be arranged that the 
probabilities of making an error of the first or second kind 
both decrease 


(44») 


(4*9) 


Uhen^f^ _pr^vjo« expenence or on theoretical grounds the 


Remarks on (447) and (441) Vt hen it is important to avoid nuk- 
ing an error of the first kmd, i e , when it is necessary to be quite 
cettim that a d ^erence exists before accepting it, thena amall value 
of a or 2 1 IS chosen, sav between 10 -• and 10-* or less, according 
to fhc frik If IS permissiHe to take 


• Is sjbseq’jetif ten ii-e word n used to mean 'scainiKat rest* 


• V hen a or 2x serves si i criterion of4«iiis« (leicchon or iccentinc* of 
the iwU hrpvihefii), then the defision ai to ira magnilode must be ‘made /» 
Apoaim'j of the umple being teated. that ii to tav. if the myeaiiyaiQr u 1^ 
direct coniaet with the sample then St/orin is laVcn.if he it not indirect con 
tact with at then 4v/ert starting the ttatittical tnalyaia 
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Interpretation of one-tailed tests’*" 1 


' « 


i Interpretation 

and 1 

fi D 



j (m brackets) significance | 

>|! 
ttJ ‘s ! 

Hypo- 

thetical 

Test 

1 

1 Onc-tailcd 

1 

Two'tailed 



1 -V S .Vi 

.V <>.-1 ( g a) 



a 

.v<.v, 

l.v>.v. 


1 None 

1 (475) 

a 

•v> Xr 

1 ^-S.v. 

.V > .Vr ( S a) 




\ 

1 V < -v. 

(475) 




Interpretation of two-tailed tests* 





r.v sv, 

.V < aci ( g 2 a) 

iNot equal 


2a 

Uncertain 


vS.v, 

•v > *■> ( g 2 a) 

/(2 a) 





.Xi<X<X\ 

(475) or (474) 



In general, however, particularly at the start of an investigation, 
there will be considerable doubt as to which of the populations is 
the smaller and which the larger, even if they can be distinguished 
at all. In this case a lii'O-lailed lest should be made. If no definite 
choice between a one- or a two-tailed test was made before sam- 
pling then no alternative to the latter test remains. The significance 
probability is 2a, conventionally 0.05 or 0.01**, i.e., a =0.025 or 
0.005 [cf. remarks on (467) and (468)]. Note that even when the 
two-tailed test is interpreted as a one-tailed test, the significance 
probability of this interpretation is still 2 a. 

It should also be noted that the interpretation referred to here 
relates to the test slalislic. The real interpretation based on this may 
be different. (476) is merely a summarized form of (381), (382), (392), 
(413), (414), (420), (474) and (47S). 


Conditions requiring fuljilnient 

It follows from (472) that in a situation in which several tests arc 
available the one chosen will usually be that with the greatest 
power. According to (473), however, the choice is only possible 
when the form of the populations to be compared is known. The 
form may be known from previous experience or from theoretical con- 
siderations (game of chance, central limit theorem), or may be de- 
duced from the sample itself when this is very large. When the 
sample is small, however, particularly in complex biological, medi- 
cal or psychological studies, the form of the population is often un- 
known. In such cases, assumptions concerning the form arc only too 
often made simply for the purpose of being able to apply a ‘more 
powerful’ test [which in actual fact it may not be ; cf. (473)]. For the 
following reasons this should be avoided as fat as possible : 


In regard to the reliabiiity of a statistical test result, it is 
wiser to risk losing a little of the information contained 
in the sample and to use a test contingent on fewer con- 
ditions and involving fewer assumptions or even none at 
dl. A possibly more powerful test would require assump- 
:ions to be made that may result in illusory information 
aot contained in the sample. 


(477) 


When the conditions on which a test is based arc not, or 
anly partly, fulfilled, then the probabilities of making an 
:rror of the first or second kind ate modified in a manner 
difficult to estimate. The one certainty is that the proba- 
ailities valid when the conditions arc fuljilled arc no longer 
'yrecise or may be misleading when the conditions arc not, 

)r only partly, fulfilled. > 


(478) 


'irst of all therefore, in situations where several tests arc 
ivailablc, care should be taken to choose a test in which 
if possible) all the conditions it involves are actually ful- 
illcd in the case under consideration. 


(479) 


situations arc often encountered in which a choice accord- 
ng to (479) is impossible because in none of the available 
ests (sometimes there is only one) can all the conditions be 
ulfilled. In such a case the test result should be interpreted 
vith a degree of caution depending on the effects the non- 
ulfillment of the conditions could have in the case con- 


(480) 


cerned. It is advisable to specify the conditions n’iiich cannot he ] 
fulfilled, for example as follows: ‘On condition that both (430 
samples originate from the same normally distributed pop- I 
ulation, there exists . . .’ ’ 


It has already been stressed that the form of the population has ar 
important bearing on the validity of many tests. In (477)-(480), how- 
ever, conditions for tests arc mentioned in a quite general sensc.Thc 
number of conditions and their ‘severity’ varies from test to test: 
obviously as many as possible should be fulfilled and not only those 
concerned with the form of the population. One condition which 
is fundamental to all tests is the following : 


AH statistical tests require that the samples should be 
random samples, that is to say, that they should be drawn 
by means of an operation fundamentally similar to that 
described in section 1, page 146. 


(481) 


While this stipulation (481) is probably the most important con- 
dition in the whole field of statistics it is a very difficult one to fulfil 
completely in practice, especially in medical and biological studies. 
When an investigation has reached the stage of statistical testing, 
any nonrandom samples can probably be discarded provided that 
testing for nonrandomness is possible in the case concerned. Al- 
though this guards against making an erroneous decision, both time 
and money will have been wasted. For this reason it is advisable - 
before starting the investigation - to take all possible measures to 
ensure (maximum) randonaness of sampling. 

When as in (479) there ate several permissible tests, no generally 
valid rules can be laid down as to how the choice should be made. 
Usually the first tests adopted will be those involving the least 
amount of calculation. If these do not give the postulated level of 
significance, they will be followed by more powerful tests from 
among those permissible. Such a procedure is in order* provided 
that it docs not result in the mistake of assuming that a significance 
is doubly (or more than doubly) guaranteed when tsvo (or more) 
tests give a significant result. The reason for this is that between 
many tests there exist correlations not always apparent even to the 
statistician: to some extent they test in the same manner but with 
different degrees of acuity. An analogy is provided by the viewing 
of an object under the microscope at three different magnifications : 
one is unlikely to fall into the error of assuming that its existence 
is triply confirmed. Similar but less easily rccogniz.able relationships 
hold for tests between which there arc correlations. 


Example 19. Given the sample (in chronological order) 


1 hour 
— 0.7 hour 
0.5 hour 

1.1 hour 
3 hours 

1.2 hour 
1.4 hour 


Mean = 1.07 hour 
Median M — 1.1 hour 


M 


- 1 - 

Fig. 2! 


representing the differences between pairs of observations on the 
same subject, for example after the administration of two barbitu- 
rates. The question is whether these differences differ significantly 
from zero (2 a = 0.05). 

In such a case the following 7 tests arc available (these arc all 
given in the snitistical tables preceding this chapter with the ex- 
ception of the maximum test, for which the significance limits can 
be memorized): 


, Stipulation ^ 

Test ' regardinp Calculation involved 

, form of 
population 


1 Student (/-test) t ; Among these tests the most 

2 Lord | : About ’-'4 of that in I 

3 Midrange (W.\i.sh) .j J i Less than in 2 

4 Walsh ’ Symmctnc.i! i About the same ns in 2 

5 Sign I None (None 

6 Maximum (Walter), None Arrangement only 

7 WiLCOXOM ‘ None About the same ns in 2 


If it is known that the sample is from n normally distributed 
population, then cH of these tests can be tried. In this case the 


* For discrete distributions x<.vi -f 1 and .v> -Vr — 1 arc used. 

** See page 157, right-hand column, footnote. * The editors knou’ of no prccf-tc indlc.-stion-? in this respect. 
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St powerful ss the Student test, followed by the Lord »nd mid* 
ge tests, which are only slightly less powerful with samples of 
i small sue. For normally distributed populations the Wiicoxtw 
: IS also little infetiot to the Student test. 

f nothing IS known of the form of the population, thert tests 5, 
nd 7 must be used, m accordance with Irt the e^ent of 
,wtc of all these only the intetpreutioa given its (<7S) semaios. 
:n the above example the tests yield the following significances* 


Test 

Significance 

Student 

0025 <( 2a < 005 

Lord 

0 05 <2a<01 

Midrange 

005 < 2o < 01 

VCauii 

- 

Sign 

0 05 < 2 a 

Maximum 

005 < 2a < 01 

VCiLCOXON 

2a <005 


The Student, midrange and Wilcoxon tests yield the desired 
gnificjnce while the others more or less fail This rejects (he fact 
lat when two samples are to be tested with respect to a difference 
I location betw een their populations, then as a rule for normally 


escrgatfon by further experiment 
mut in ilaMiea/ liitmi 

Division of the sample values in example 19 above by 10 leaves 
he iigrufieaneea resulting from the testa unchanged This would 
esult in a itatistically ‘guaranteed’ difference m the action of the 




19, Paramatare 

Means, variances and quantiles are dealt with only in • general 
manner in this section Special formulae for calculating means and 
variances of various dislribuiions are given in the sections dealing 
w uh these distributions 

10 ^ Mean and variance of the population 


The square toot of the variance is known as the ttjrUirJ 

(o) 

The variance and standard devution e/ /4r mian are ex- 
pressed respectively by o'/Nand o//iVand given the sym- 
bols o* and 0 - 


I cm) 

I («» 

I (4M) 


The standard deviation is a measure of the variance The smaller 
It is, the steeper the curve of the distribution, the larger it is. the 
flatter the curve {cl Fig.25) This relationship is the basis of the 
CiiEBTSiiBi' Inequality. 

Pr(*(|*-j*lSAo)Sl/i'-.2« (*>1) \ 

For l/jfc* — 2a — 0 05 and 0 01, k is respectively 4 5 | 1***1 
and 10 This inequality is valid for ary population J 


lOB. Transformations 

If the variable x is subject to a constant increment a, then 


X =J<±e 

so that 

Hx “ d* ± *» 

Ojf “ o* 

The inverse transformation 
I*. -HxT" 
oi ~oV 



The variance IS by a lateral displacement, i e , it istrans- 

lation-mvariant 

If the variable x is increased or decreased by a constant factor a, 
then 

X -ex ] 

so that 



The inverse tramformation is 



(497) and (489) ate also valid for the esiimates X, H and r„ tx of 
u«,vtx»^Ur»®v»'hecal«u!atiOftof which they often tendet easier 


Exampli 70 
(e) Given 

X - 145 1455 147 147 3 Then with ,lf-x- 145 
A’- 0 05 2 23 ftomwhichvalues^andrjtare 

calculated, when 

X - 145 - 1 2 + 145 - 146 2 [.^ftoM (4t1)I 

/* - - 1 26 l.'x from (4M)1 

{h) Given 

X -000325 0 00160 0 00320 ThenwithA'-lO'x 
-V — 325 160 320 from which values A" and A 

are calculated, when 

S - -?/l0»-268 i X 10-‘ -0 002683 [;P from (4»1)] 

I* - i5t/W« - 8808 3 X 10-‘» = 0 8083 x ID-’ UV from(4«)) 
A vaiuble x whose distribution has 1 

and variance — 1 i (488) 

IS known as a variable, or variable in Handard 

mtatart J 

Ifa variable X has the mean iiand the variance o’, then the ) 
variable 



u in standard measure. 

From the standardued variable X the original variable 
x-oAT + u (b> 

IS obtained 

(48t) at«i (4»9) ate in common use in statistics 


{4»0) 


The quotient o/i» is known as the coefficient of variance I' \ 

It IS therefore the standard deviation with the mem ex- [ (48$) 
pressed as umtv l'hasmcaningonlyfor/«i«/;«Ta!uesofv ) 


10C>Cstimate$ of la and o based on ungtouped samples 
The mail tffitunt, anhastd estimate of the mean n based on a 
sample from a normal population with the values x,. x,, , x^ is 
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-N'l .Vi -) i-.v^ jj.v 

N “iV~ («1) 

(.7 h re.nl nt '.v bnr’,) 


The nait (ffidmt, unhiasd estimate i‘ of the variance o* is 
(i/) wlicn n is known ^ 

. i: (.V - iiM T' 1 

j ^ foj j’/ 5PJ. 

(/') when n is unknown 

/y ^ y)8 P 

i * ! fof >5':r sec (493) (b) 

Tlic calculation of T, (this symbol should he noted) is facillMted 
by the use of the following sums : 


I for S' write n instead of S! 

- i:.v' - .ijs.v 
~ £.v* -(Sx)'/N 


(a) I 

(b) I 

(e) ( (493) 
(4) 

W j 


The mo%tcnictcntarymp/o/iea//y unbiased estimate of o is/. ) 
In practice the bias of / can usually be neglected. Correc- I 
tion factors for eliminating this bias in samples from | 
nortnally distributed populations arc given on page 47. I 


Example 22. Diameter of erythrocytes. Class width d = 0.4 


Class 

j 

j Frequency 

1 / 

i 

! 

viation 

Frequency x 
deviation 

fz 

Frequ 
X sqi 
of devj 

A'-j 

5.6 

5 

-4 

- 20 

8 

6.0 

78 

- 3 

-234 

70 

6.4 

144 

-2 

-288 

57i 

6.8 

479 

-1 

-479 

47! 

7.2 = .<■' 

542 

0 


( 

7.6 

358 

+ 1 

+ 358 

35E 

8.0 

279 

+ 2 

+ 558 

1114 

8.4 

99 

+ 3 

+ 297 

891 

8.8 

15 

+ 4 

+ 60 

240 

9.2 

1 

+ 5 

+ 5 

25 


2(/) -77-2000 

1 

S(/g)-2S7 

S</r7 = - 


^ = 7.2 + 0.4 


ZS7 

2000 


= 7.251 (jtm 


2.218; 

1999 


/ = 0.4 f 2.218 = 0.596 pm without Sheppard’s correctior 


j= = 0.4= (2.218 - 0.0833) = 0.4= (2.135); 
s = 0.4 ^2.135 =! 0.584 pm with Sheppard's correction 


The most efficient unbiased estimate of oi is = j=/ 7V, 1 
the most efficient asymptotically unbiased estimate of pi } (495) 
is ^s]^~N. Cf. also (494). ^ J 

Other estimates of a will be dealt with later. 

Example 2t (of (49I)-(49S)J. Given the sample of example 19 
page 158, 

then according to formula (491) S = 7.5/7 = 1.071 4 

(493) Sr = 15.35 - 8.0357 == 7.3143 
(492)/= =7.3143/6=1.2100 

(494) / = Ki.2190= 1.1041 

(495) /j = 1.1041/yT=0.4l73 

The results should finally be rounded off to a few decimal places 
in order not to imply an accuracy the estimates do not possess. 

lOD. Estimates of p and o= based on grouped samples 

Given the classes >rj, x with the same class width for all 

classes d = Xi+i-Xi and the frequencies/,,/,, ...,/„ (iV = S/,), 
a provisional mean x' is chosen falling in one class. The classes arc 
now numbered. Se' receives the number ^ = 0, the clashes down- 
wards receive the numbers 4; ■= — 1, — 2, ..., the classes upwards 
the numbers z — T 2, ... 

Classes ... (s' — 2) (S' — 1) S' (x' + 1) (x' + 2) . . . 

^ ... -2 - 1 0 1 2 
Then 


lOE. Quantiles of continuous distributions 

Defimtion: In p = F(x), x is known as the quaniile (p), 
here given the symbol Q, (p) or x,,. Quantiles arc thus the 
inverse fwielioit of E(x); they arc so-called parameters of 
position. The quantile has also been given the name frac- 
tile. On F(x) see also (401) and (401). 

The quantiles most commonly used arc given special 
names : 


Quantile 

Probability p 

Quartilc 

0.25 X »(e - 1,2, 3, 4) 

Median 

0.5 ( =* 2nd quartilc) 

Decile 

0.1 X B(n - 1,2, .... 10) 

Percentile 

0.01 X n{ft - 1, 2 100) 


Interpretation of a quantile (p) of a continuous population : ] 
lOOp^t, of the population lie below the quantile ; (SC 

100 (1— p)% of the population lie above the qu.antilc. 1 

Example 23. See Figure 8 (quartilcs and median of a norm.il di 
tribtition), page ISI. 

Estimation 

(a) Ungrotiped samples. The quantile H (p) of a population is cst 
mated by calculating the corresponding quantile j 2 (p) of a samp! 
taken from it. The sample values x arc arranged in order of magn 
tude [cf. (342)] and numbered serially, the smallest value rcccivin 
the number 1. These order numbers arc known as the r.mks of th 
sample values x, so that 


S = S' + d 


^fz 


/= 


d^ 

N - I 




(496) 

(497) 


’ Sheppard’s correction 

In the grouping of the individu.al values into classes a srpall error 
arises as a result of the random choice of the individual a-alucs. 
This introduces a small error into the estimate of the variance that 
can be corrected by subtraction of k = 0.083 (i.c., of l/l2) from 
the variance estimated in class units. This correction (SHtpp.\RD’s 
correction) can be dispensed with in the testing of differences for 
sjgni'ffcancc but I’s otherwise to he recommcrro'cd'. 

d' 

Sheppard’s correction: /=„„. = /= — (498) 


X, < X, < .V, < • • • < x.v 

The quantile j 2(P) thus corresponds to the sample value with th 
rank 0(p): 

O (p) ^Np + 0.5 ^for A g /. S (501 = 

If O (p) is a whole number, the quantile Q(p) coincides s7M the 
sample value; if O (/>) is a fraction, the quantile (g) lies te/ver 
thcsampic values with ranks adjacent to O (g), i.c., between .v, ami 
xiti. There would be little point in interpolating between these 
two v.alucs. 

If the sequence of ordered sample values cont.ilns tics [cf. (344)] 
and 0(g) falls on or between the ranks of tied values, then jJW i' 
gcrcc! the m.tgakisdc ol these tied ra)ves provided that she number 
of such tics is small compared with the sample sire. In s.implcs with 
very many tics (few classes and high frequencies) there i.s no point 
runr.tilf's in ncmrcianm with (SQta). 



Geigy 


brings 

inflammation 
under control 
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iV‘" 

(.? is read as '.v bar’.) 


■'■'n 


rite wo;/ tfficitnt, unbiasid 
(it) when |i is known 
. ^ S Cv ~ ,;)• 


N ' N 
(/') when n is unknown 


;for 


AT-l 


N-1 ‘ 


The calculation of (this ■ ■ 
by (he use of the following u’ 


(.v-S)« I 


Xx 

- Xx’ -.VXx 
" Xx'-(XxyiN 


fotSi 


W' 


The most efficient asymptotically 
In practice the bias of r can usi; 
tion factors for eliminating th 
normally distributed popuU.' 

The most efficient unbiased cst' 
the most efficient asymptotically 
is Jj = r/l^TV. Cf. also (494). 

Other estimates of o will be 

Example 2t [of (491)-(49S)I, C 
p.age 158, 

then according to formula (491) 

(493) 
(492) 

(494) 

(495) 

The results should finally be i 
in order not to imply an ai ■■■ 


lOD. Estimates of and o* 


Given the classes Xi, a:>, . . ., r 
classes d = Xi+i — or, and the fi- 
a provisional mean S' is chosen ' 
now numbered, x' receives the 
wards receive the numbers z - 
the numbers = 1, 2, ... 

Classes ...(S' — 2) (S' — 1) S' 

r ...-2 -1 0 


Then 

^ = S' + d 


N 


N- 1 \ 


S (ft) - 


(S..- 


CtiPPPARO's correction 
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:xampli 24. Given the ranked sample 
• 175 176 1.76 1.77 1.78 1.79 1 80 1 81 1 82 1.84 1.86 

>123456789 10 

•• 1 86 1 93 1 95 2 00 2 07 2.18 2 35 2 68 3 56 4 41 
): 12 13 14 15 16 17 18 19 20 21 

1 required to find the 1st quartile, median and percentile (0 7) In 
ordance with (SOt a) 

9(0 25) = 0 25 x 2l +05 -575 

[j 2(02S) lies between 1.78 and 1.791 
0(05) -05 X 21 +05 - 11 

[^(0.5) - 1 86 (note the tie)) 


0(07) -07 X 21 +05 - 152 

[12 (0 7) lies bettieen 2 00 and 2 07] 

) Cnipni laMplis. Given are the ranked classes x„ 
.x,v.. X,, with class si,idihrf-x,ti—x„ and class fre- 
leneies/,,/,. where/, +/, + . .+A-M 
e-smrpit iiw 

Sie cumulative frequencies are written as follows-/, • 

(1). /. +/. - f (2). /. +/. +/. “ f <3). «P *0 /• +/• + 

. + /, — Fit) Np IS now compared with F{i)‘. 


' Np — f(0. + Vlrf 

' Np lies between Fit) and F(i + 1), then Q,{p) lies b«- 
secn X| + Vti and X|ti + if 


(50|b) 


OF.DisUibuilon-free confidence limits for quantiles of 
ontinuous distributions 
Zf also leetiofl 8C. page 155) 



Of mam importance in practice is the iJenliijicf the mtJun and th 
mean in ^mmtlncal distributions the distribution-free confidenc' 
limmfor the median are valid also for the mean It follows that 
If ibe population mean J? of a sample coincides with either 1 
of the distnbution-free confidence limits for the popula* I 
non ntedian or lies outside them, then with a significance > (SOS 
probability ^2a, the sample don not originate from a sym* I 
metrical distribution ) 

This IS the basis of the sign test, which is easily carried out ani 
also independent of the form of (he population 

lOH.The sign test 

(tf) Ttstmga lampit for synmttry. S is calculated, and the sampi 
valoes, including X, are ranked The number iV(— ) of sample 


Example 26 In esample 24 in section lOE, if — 2 130, IV(— ) . 
16 Foe fV— 21 and 2 a — 0 05, the table on page 105 gives th 
levels 5-16 With a significance probability of 0 05, the sample do 
no! originate from a symmetrical distribution 

(3) Ttstmi ef pair differinlti (digtrinte: bela'tiH pain ofehsmaiiont 


Examplt27 Of 500 pair differences, 210 are negative Do the 
500 differences differ on the average from zero (2a -0 05)’ F 
2a- 0 05 and N~ 500 the fable on page 105 gives the levels 227 
273, so that the difference from reto is confirmed with the desic 
significance 


limits in (he simple arc then 
for/S05 0(/), - X, + 1 and 0{/i), - X, 
fot;->05 0(/),-iV-x; + landO(;i),-Ar-»; 


turn involved increases rapidly with increasing sample sut). F 

differences can also be examined by sequential analysis (cf sect; 

26. page 196) 


Examph 25. Foe the sample in example 24 the 95% confidence 
limits are as follows 


1 Quantile 

Kinki 

95% confidence 
lumti 

Itt quanile 

l4l-3 and 10 


Median 

3 + 1-6 indie 

179<®(y)<2J7 

rtfcmiile (0 7) 

21-12 + 1-10 and 21-1-20 



lOG. Relations between mode, median and mean of 
continuous distributions 

The abscitu x of the maximum value of the density fane- ) 
tion/(x)is known as themarft | (5*j) 

In practice the mode is of little importance Oo/(x) see (4po) 

In one-peaked ^mmttncal distributions «he modt, mtJian 
anJmtaa an naridnt, but not in unsymmetncal distribu- 
tions (cf Fig 31, pige 165) The relationship betueenihe 
ifiree patameten is expressed by 

Median -» *> mean + 5> mode 



tt.The normal distribution 

[Cf also secuon6, page 151 Forthemeaningof'normal’see(4! 
IIA. Definition and charactetistics 
The normal distribution is a con/inmus distribution, the pro 
bility density function for which is defined by 



Fv 24 


The curve of the orobabilnv H'noiv f.,..-. _ . 


* In the ciwof hree umple, the lir 
in nnkD'K ihe nmple 
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bcinps 9 feet tall or more should be ‘possible’ I lowcver, the word 
‘possible’ is here inappropriate. ‘Almost impossible’ would be bet- 
ter, since the probability of extreme deviations from the mean de- 
creases r.ipidly in the normal distribution. 


according to (490 a), > they arc all ti ’ 
ized normal distributions. 

11 B. The standardized normal di-t 


If I’rob (|.v “ u I /.-o) s; 2a, 2a changes with increasing 
k ns follows"’: 


/; 

2a 

k 

2a 

1 

3.173105 X 10-' 

0 

1.973175 X 10-' 

2 

4.550020 X 10-’ 

7 

2.559025 X 10-" 

3 

2.699790 X 10-’ 

8 

1,244192 X 10-“ 

4 

0.334248 X 10-» 

9 

2.257177 x 10-'“ 

5 

5,733031 X 10-’ 

10 

1.523971 X 10-” 


Remarks on (507) : In accordance with the Chedysiief Inequality 
fcf. (485)1, the probability that in any distribution the variable 
falls outside the limit nd; 3 o, for example, is less than 1/9; as (507) 
shows, however, in the normal distribution it is only ~ 3/1000. 
On the other hand, these much closer limits arc valid when the 
population is m jact normal. The inverse deduction should there- 
fore also be noted, namely that should a distribution for which the 
3 0 limits arc regarded as adequate not be normal, then the proba- 
bility that the variable a.' falls outside these limits is not 3/1000 but 
may be ns large as 1/9. This is an excellent illustration of (478). 

As with all symmetrical distributions, the mode, median and 
mean of the normal distribution arc coincident. Their ordinate is 
the axis of symmetry of the curve of the probability density func- 
tion [cf. Fig. 24 and (504)]. The most important consequences in 
practice arc the following: 

With a significance probability g2a, a sample that fails | 
to pass the test for symmetry does not originate from a | (508) 
normally distributed population. I 


If i fairly small sample passes the symmetry test [cf. also 
(474)1 then the population from which it is drawn may 
still not be normal**. However, in significance tests (cf. 
oattc 158, ‘Conditions requiting fulfilment’) the stipulation 
of normality may be regarded as almost fulfilled. 


(509) 


For small samples the sign test used for testing symmetry is rela- 
tively insensitive, that is, it will disclose an actual lack of symmetry 
in a population much more rarely with small samples than with large 
on« For this reason (509) is valid only ios fairly small samples. For 
small samples therefore, significance tests should be used - pro- 
ided they are available - in which there are no conditions regard- 
ing symmetry or normality. . r ,/ u • j u 

As (505) shows, the normal distribution isfsiUy characterized by 
the two parameters p and a. The mean determines Xhz position of the 
distribution with respect to the x axis, the standard deviation the 
I pi of the curve: the larger o is, the flatter the curve (cf. Fig. 25). 



Hbutions with v.irious standard deviations. 

kn h»vc any values, the number of possible nor- 
^pulations is infinite. If these arc standardized 

W appear ilioBical, limits according to probability arc 
Mute limits. The statement, for instance, that there is an 
Ight of the human body at, say, 8' 3', would manifestly 


If the quotient (ac— p)/a in (4?0.. 
becomes the standardi:;ed normal disir;! . . 
standard deviation) : 



\ 


•3 -2 -1 ( 

+1 

+2 +3 


c 

Fig.26. Standardized normal distribution. 

The symmetry of the distribution give, 
tionships: 

Probability density function 

/(O) = max/(r) = 0 .3 
/(- c) =/(r) 

Probabilities 

i* (0) = Prob (f < 0) = Prob (c > 0) — 
Prob (c < — k) = Prob (c > k) 
^F{~k) = \-Flk) 

Prob (— A^fSO) = Prob (0 g r g: , 
Quantiles j2(^) =0 

j2(A) = -j2(i -P) 


llC.Tables of the standardized normal d 
(pages 28-31) 


Table relates to 


i Left-hand siu 


28 



Inverse functi'-'- 
of the integral - 

■=■ Quantilej2(.: 

-r(;.) 
Argument p 


29 


30 


-f 0 +c 


Inverse function 
of the intcgnl — * 

Argument p' 


i 


Left-hand side 



-r 0 
Right-hand side 



31 ' Upper: ordinAtc/(r), argument r. Cf. Fig. 26. 

[ <■ 

Lower: inverse function of 1 — j 

-e 


* For inverse function see page 31. 


IID. Conversion of a normal distribution into tl 
standardized form and vice versa 
(Cf. also section lOB, Rigc 159) 

The statement ‘normal distribution with mc.an {t an. 
dard dcvi.ttion o' is here nbbrcvi.itcd to ‘norm.il di' 
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The normal distribution (it; <») of *t>e 'variable x is con* 
terted into the standardized normal distribution (0; 1) of 
the variable t (and vice versa) by substituting X of (4»0) 
byr. 

In this conversion the probabilities of the converted values 
remain so that 

Piob (ar < X,) «• Prob (r < r») 

£xa«;i/« 2 y.Given the nornialdistnbution(174;7).how largesse 
the probabilities of the events 181, 162 179- 

From (SJO) 

160 -174 „ 181- 174 

7 - 2 . 7 

■problf < -2) -F(-2) ^•t)tnaTbl,lromfneng'nt-Viaiia>a'lft 
on page 28) , 

Prob(r > 1) - Prob (» < - 1) (cf. (514a)) -0 15866 (from «be 
same table) 

Ptob(-17l S» S071) Pfob(-l 71 S r S 0). from (S1$X 


j B(t) 
I (SJW 


CyampU29, Given the noftn*! distribution of example 28, i* i* 
required to find 

((sIvV* wie*vjie<l«»ft4ee«w'-',woA \ — 

(i) the one-sided confidence limit x, for 1 — 0 99 

(0 the tuosided confidence limits xj and x, for I — 2 « — 0^5 
Solution t 

All confidence limits or significance limits see quantiles (a) 

(■») fi IS the quantile C«i), where — 1 —095—00$ From the 
left-hand table on page 28, n “ — 1 6449. whence x, “ 
-m49><74-174-1624SS7^^^^^ ^ 


anU X, — 1 960 x 1+ 174 — 187 72. Even simpler toobtain are the 
nao-sidcd lirnits, namely from the left-hand table on page 29, usmg 
tbedevutionr, wbithcanberead off directly by entering with the 
probability 1—23 

In connection with examples 23 and 29 it should be noted that, 
m practice, calculations ate made w iih only as many decimal places 
as ate requited However, it i» advisable for beginners to complete 
the calculation with ihe full number of decimal places and then 
round off the result to the required number 


The straight line of (SJ1) passes through the point (ii, 0) j 
VPhen It and <3 are known ('s construction therefore only | ($12! 
requires «it other point to be calculated from ($11) ) 

If the ftraight line in Fig 27 b is displaced 5 units in the ditectior 
of the ordinate axis, then 

e-^S— + 1. ,,,, 

=* 5 — and 5 “ 1/0 ) 

The straight line of ($2J) p«s=» through the point (u; 5) | 
VChen |t and o are known construction therefore only | ($24 
teqottes mt other point to be calculated from ($13) J 


Since deviations of rr 
(S2I)-(S21) means that 


rtf than 5 o are rate, the displacement o 
practice the majority of prohit calcula 

■V. ■ $16 


on samples 

If the ordinate and abscissa scales are linear scales (cf. the v 

,, c-'- -r’-- -c ' 

. ■ , I ■ ■ ■ ‘ • I ($1$ 

: ‘ 1 ■' $:i i 

. sii • - ■ ' ■ ‘ ^ I 

distributed 

If the abscissa axis is divided linearly and 'he otdirute | 




HE. The probli transformation 





The itindardired variable (v — (i)/o can be broken dovO m 
*^'dincewith(M)intoiheffactions - u/oandx/o If — . 

• Ke ~ i.vhar, sample is compared with the normal curve fitted to it, with th< 

'••4 + >v,where 3 - -4uand4-l/a ($«) iv»iilr tW .w . v. .r...... ■ r, 

Iniccotdance with (3W). the curve of($ 11 ) IS a /fr3/j*r/«iir(cf -v, t ' ■ •! n. . 
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hciiiRS 9 feet tall or more should he 'possible’ *. However, the word 
possible’ is here inappropriate. 'Almost impossible’ would be bet- 
ter, since the probability of extreme deviations from the mean de- 
creases rapidly in the normal distribution. 


If Prob (|.v — |i j rs /to) 2 a, 2 a changes with increasing 
h as follows'®: 


a" 

2a 

k 

2a 

1 

3,173105 X 10-' 

6 

1.973175 X lO-" 

2 

4,550026 X 10-> 

7 

2.559625 x 10-'» 

3 

2,699796 x 10-' 

8 

1,244192 X 10-'* 

4 

6,334248 x 10-‘ 

9 

2.257177 X 10-“ 

5 

5,733031 X 10-’ 

10 

1.523971 X 10-” 


Remarks on (507) : In accordance with the CiiEnysiiEF Inequality 
[cf. (486)], the probability that in any distribution the variable -v 
falls outside the limit ird: 3 a, for example, is less than 1/9; as (507) 
shows, however, in the normal distribution it is only ~ 3/1000. 
On the other hand, these much closer limits ate valid only when the 
population is in fad normal. The inverse deduction should there- 
fore also be noted, namely that should a distribution for which the 
3 a limits arc regarded as adequate no/ be normal, then the proba- 
bility that the variable x falls outside these limits is not 3/1000 but 
may be as large as 1/9. This is an excellent illustration of (478). 

As with all symmetrical distributions, the mode, median and 
mean of the normal distribution ate coincident. Their ordinate is 
the axis of symmetry of the curve of the probability density func- 
tion [cf. Fig.24 and (504)]. The most important consequences in 
practice arc the following: 


With a significance probability g2a, a sample that fails ] 
to pass the test for symmetry dots not originate from a | (508) 
normally distributed population. j 


If a fairly small sample passes the symmetry test [cf. also 
(474)], then the population from which it is drawn may 
still not be normal**. However, in significance tests (cf. 
page 158, ‘Conditions requiring fulfilment’) the stipulation 
of normality may be regarded as almost fulfiiled. 


(50») 


For small samples the sign test used for testing symmetry is rela- 
tively insensitive, that is, it will disclose an actual lack of symmetry 
in a population much more rarely with small samples than with large 
ones. For this reason (509) is valid only for fairly small samples. For 
small samples therefore, significance tests should be used - pro- 
vided they ate availabie - in which there ate no conditions regard- 
ing symmetry or normality. 

As (506) shows, the normal distribution is fully characterized by 
the two parameters u- and o. The mean determines the position of the 
distribution with respect to the x axis, the standard deviation the 
shape of the curve: the larger o is, the flatter the curve (cf. Fig. 25). 



Fig.25, Normal distributions with various standard deviations. 


Since n and a can have any values, the number of possible nor- 
mally distributed populations is infinite. If these are standardized 


* Although they may appear illogical, limits according to probability ate 
more logical than absolute limits. The statement, for instance, that there is an 
absclule limit to the height of the human body at, say, 8'3', would manifestly 
be untenable. 

** Symmetrical distributions that arc not normal also exist. 


according to (490 a),, they are all transformed into sinpje sttnc 
ized normal distributions. 


llB.The standardized normal distribution 


If the quotient (x- g)/a in (490a) is denoted by c, then ( 
becomes the standardized normal distribution (with zero mean and 
standard deviation) ; 



s 


Fi£.2S. Standardized normal distribution. 

The symmetry of the distribution gives rise to the following ri 
tionships: 


Probability density function 

/(O) = max/(f) = 0.398942 (5 

/(-0=/(0 (5 

Probabilities 

F{tS) = Prob (<■ < 0) = Prob (c > 0) = (51 

Prob (f < — k) = Prob (c > k) (a) 1 

(b) P*' 

Prob (— ^ ^ 0) = Prob (0 ^ f g (51 

QtmntUes Q.iy^)=^ ( 5 * 

Q{p) ^ - Q.{\ - p) (51 


lie. Tables of the standardized normal distribution 
(pages 28-31) 



HD. Conversion of a normal distribution into the 
standardized form and vice versa 
(Cf. also section 1013, page 159) 

The statement 'normal distribution with mean |t and stan- 1 
dard deviation o’ is here abbreviated to 'normal distnbu- j 
tion (ir; o)’. 
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normal distribution (ii; o) of ibe vitUble x is con- 1 
J into the standardized normal distribution (0. 1) of I (jtf) 
ariable ( (and Tice Tersa) by substituting X of (m) J 

IS conTcrsion the piobabiUties of the converted values 'I 
.in tschiitig/J^ so that | 

ob (v < X,) - Prob (r < f») ' 


"nie Ktiaigbt line of (S11) passes through the point (u; 0). ■] 

Ulien |i and a are known its construction therefore only / (SU) 
tcquires ene other point to be calculated from (Sit) j 

If che straight line in Fig 27 b is displaced 5 units in the direction 
of the ordinate axis, then 

r + 5 =pfobit” —fl + fcr = 5 + — n), whence > 

it -5 -ill and 1/a j 


xaMpIi2S.Giycn the normal disttibution(174:7),how large are 
probabilities of the events x <160, x> 181, 162 179^ 


n($10) 

60-174 

7 

.62-174 



181 - 174 
7 

179 - 174 


071 


'rob (f < - 2) - f (- 2) = 0 02275 (from the right-hand tabic 
o page 281 

’tob(r > 1) — Prob(f < — 1) [cf. (S14a)] “O 15866 (from the 
ame table) 

ih(-1.71 Sr S0.71) Prob(- 1 71 S r £ 0). from ($»). 


The straight line of (SIS) passes through the point (ix; 5) 1 
Wlicfl i» and a are known it* construction therefore only ; (S24! 
requires ent other point to be calculated from (S23) ] 


Sutcc dersattoni of cnote than 5 a ace race, the displacement o1 



on samples 


If the otditute and abscissa scales ace linear scales (cf the \ 
extreme left-hand scale m Fig 28) and if now in place of 
F(x^ the quantiles r, or pfobits r, -t- 5 are plotted in the 
ofdinaiedirecfionandxy in the abscissa direction, then with I 


(SIS 


page JU). 

CxampU 29. Given the normal distribution of example 28, it is 
paired to find 

(a) the one-sided eoniidenee limit X| for 1 - a, — 095 

(i) the teie-sided confidence limit x, for 1 — Or > 0 99 

(r) the t«o-iided confidence limits X|Sndx, for 1 —2a — 095. 

Solution 

All eonfidenee limits or significance limits ace quantiles (a). 

(a) t, IS the quantile («,), where a, « 1 - 0 95 - 0 05 From the 
ft-hand table on page 28, Ci - - 1 6449, whence x, - 
• 16449 x7 + 174 -162 4857. 

(*) t, IS the quantile (I — *,) — l2(P 99) From the left-hand table 

npage 28^r,-2 326^3^wh<neex,-2 3263 x 7 + 174- 1902841 


•.M 1 /uu * < + 1)4- 18/ 72 Lveniimpletro obtain ace (be 

a o-sided limits, namely from the left-hand table on page 29. using 
he deviation i, which can be read off directly by emetine wiih the 
'tobability 1 - 2a 

In cnnnrrtir^« T.,.v . — . , ^ 


If the abscissa axis » divided linearly and the ordinate 







The operatioRS of (S2e) are catried out on probability pape 
those of ($2S) by means of the ptobit transformation Here only t! 
latter method, rrf which further examples are given in later section 
will be used Tables of ^ — — ---- f ' ~ 


i ..... .vu ivi iUu meiaiute ’ ^ 

llP.FitUng of normal curves to samples 
Normal to the sample are reauired wK,-n .. .. j- 


The standardized 
•ccordince with (J4) i 
•nd I/O - >. then 


variable (x — u)/o can be broken ikawn in 
intothefraclions -u/oandx/o 

- iit and i - i/o 

-t), the curve of (521) is a itr^ghl 2r« (cf 
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inujt he Rfoufvcd, nnd the parameters |i and a must be estimated 
by means of and s in accordance u-ith ( 4 ?!) and (•♦yz) (cf. the re- 
marls on these equations and atso (^30)]. In tp-.thns medin testinr 
/f of fit, ,1 erj o art rtpkttd fy .t? and t. 

(fl) UrtTtuptJ jjnpJet 

W ilh unprouped samples, empirical and fitted probit values can 
l>c compared only by eye. l-rom (<99) and (SO) a) it iblioaa-s that 

P, {5J7J 

(O, ^-rank of the individual sample value .v,; cf. section lOE 
pape 160) 

The empirical and fitted probits can then be calculated fromfSl?) 
in conjunction with (SJ3)-(52S). 


Calcuktkti of iht ftted prohahllity density 

The calcuLition is m.adc as follows: The differences a.-, + ?•</ 
arc multiplied by 1/r to obtain the fitted q values [this canalsr 
Mrried out as a simple addition by using equation (31)]. Forti 
deviations r, the corresponding ordinates /(r) arc obtained fi 
the upper table on page 31 [in this connection sec also (St 
hfultiplication of these ordinates by Hdfs gives the required o; 
nates /(a-, + Vid). {Ct. Fig.30, left.) 

Cslcuktion of the empirical prebits 

The values of E(.v, -p )4 d) are calculated from (S29), multipl 
by 100, and the table on pages 54 and 55 entered to obtain t 
cor^ponding probits. The latter arc plotted against ,v, -rVed 
ordinates, giving the points of Figure 30, right. 


Example 30. Given is the sample of cjcimple 24, section lOE, 
page 1 6 1 .The mean .<? is 2.1 30, and the standard deviation r is 0.671 3. 
The i'(.v,) s-alucs ate first calculated according to (S27);F’(.v,) = 

0.5/21, E(.v,) 1.5/21, etc, [equation (31) is used here: 0.5/21 + 

1/21 4- • • •]. By multiplying by 100, these v.alucs arc converted into 
percentages, which arc then u.scd in the table on pages 54 and 55 to 
obtain the probits. Fot.v,, .Vj, ... this gives the empirical probits 3.0, 
3.5, 3.8, 4.0, etc. These values arc plotted on millimetre paper in 
accotd.incc wath (S2S) to give the result shown in Figure 29. 



pil.2?. Empirical pfobits and ijrted probit line for the ungrouped sample of 
cwmple24. section lOE, page 161. 

It will at once be seen that the points plotted deviate system- 
atically from a straight line, indicating that it is very unlikely that 
the sample originates from a normally distributed population (as 
indeed was already clear from the result of the symmetry test of 
seaion lOH, page 161). If the sample h.ad originated from a nor- 
mal population, the points would have been distributed stochasti- 
cally around the fitted probit line calculated in accordance with 
(S23) and (524) from .v and r in place of n and o. 

(f) Grouped samples 

In this cetse 

E(.v,4-?'ecO = (S/.);A^ 

(f = ranks of the classes .v, d = .V(+i — -Vi = class width, j/j = fre- 
quency of the class /) 

If both the fitted probability densitj' ark the cumulative distri- 
bution arc to be calculated, then Xi 4- le cf is also used in (528) and 
the olculatcd ordinates plotted against .v, F bed, that is to say, at 
the Spper limit of the class ». (528) gives the ordinates for the middle 
of the classes. 

Example 3t. Given is the sample of cscunple 22, section 10 D, 
page 160, with .v = 7.251, s — 0.5S4. 


Table 1 


-rl = ^ i 

X~V:d-x 

i (A--yrj2-.v)/r 
= c 


‘ /(OxAV/j- : 

; -/(.v+.n^q j 

5.4 1 

-1.S51 

1 -3.17 

■ 0.00262 

3.6 

S.S 1 

- I.45I 

: -2.4S 

0.01S42 

25.2 

CSL . 

-1.05! 

1 -1.S0 

0.07S95 

1 10S.2 

6.6 ’ 

-0.651 

i -1.11 

0.21546 

; 295.2 

7.0 

-0.251 

: - 0.429 

0.363 S7 

: 49S.5 

7.4 

0.149 

’ 0.255 

0.3S61S 

529.0 ; 

7.S ; 

0.549 

0.939 

0,25671 

351.7 

S.2 : 

0.949 

1.62 

0.10741 

147.1 

S.6 

1.349 

2.31 

0.027 6S 

37.9 

0.0 

1.749 

2.99 

0.00457 

6.3 



JFi^.30. Fitted probabiJiq’ density, empirical probits and fitted probit line fi 
the sample of example 22 in section lOD, page 160. 


Calculation cf the fitted probit line 

The probit line is constructed according to (524). In this exampi 
it first passes through the point (7.25 ; 5). If the value x = 5.4, say 
is taken as the abscissa of the other necessary point, then from (523 
the corresponding probit is 5 F 1-712 (5.4 — 7.25) = 1.8. When : 
straight line is drawn between these two points it is seen that thi 
empirical ptobits all lie very close to it. The immediate impressior 
given by Figure 30, right, is hardly such as to raise doubts that tbs 
population from which the sample is taken is other than a nonnallj 
distributed one. That this impression is misleading, however, is 
demonstrated below. 

Note that when the probability density is calculated as shown 
above, the two points required for the construction of the fitted 
probit line can be obtained by taking two remotely separated values 
from the column headed r of Table 1 and increasing them by 5. 

Exact testing for rsm-rarmality by thj y} test 

In this case the test is carried out by means of the c transforma- 
tion, without probits, as follows (cf.Tablc2 on page 165); 

1. For calculation of the fitted c values for -v, F according to 
(521) see column e of Table 1, which contains these values. 

2. The F{c) values corresponding to these fitted c v.alucs arc ob- 
tained from the table on page 28. These arc the fittcdF(f) values. 

3. Multiplication of the fitted F(f) values by the sample sire A' gives 
the fitted distribution of the cumulative absolute frequencies 
Ff(.v, F bid). 

4. From the differences H{x,„ F Ved)~H{xi~ bid), the fitted ab- 
solute class frequencies f] arc obtained. 

5. From these the values of (/i — /DV/I = Xj arc calculated. 

6. The sum of all the x? values is the required test statistic %' with 
degrees of freedom v = c — 2 — 1, where n — number of classes. 

The significance probability 2 a of the x’ value obtained (cf. the 
table on page 36) is considerably smaller than 0.0005. Hence the 
popukvtion from which the sample originates is definitely not 
normally distributed, a result completely contrary to the impression 
gained by eye from the empirical probits (above). 

Note that in the above calculation the sequence of the signs ol_ 
the differences /, — /Jshouldbc looked at closcly.The occurrence ot 
pluses and minuses should vary randomly. If any systematic trend 
is detected, Hai-DAN'e's test (page 193) should be carried out, it 
thcie ate systematic cycles, a test of randomness of runs (page 194) 
provided there arc enough classes. The reason for this is that it 
the x’ test gives no significant result when the number of classes ts 
large - as in the above c.vample - then it can be assumed with rea- 
sonable certainty that the population is normally distributed prer/r.u 
tbat there is random xariaiien cf the pins and menus runs. If the latter is 
not the case then the x’ teat needs supplementation. The test is also 
i:-;..-.-! „„ rVFAevFe/ of one another. This is 
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T«U>2 


X4-1.4 

F(.) 

F{i)kN- 

//(v + lirf) 

H(xui+H4) 

HCxi + Jlrf) 

/. 

[cf 

(»oib)l 

Ui-hyuf 

-w 

54 

58 

62 

66 

70 

74 

78 

82 

86 

90 

94 

0 00076 

0 00657 

0 03593 

0 133 50 

0 33360 

0 602 57 
082639 
094738 

0 999 56 

0 998 61 

>5 

131 
719 
267 0 
667 2 
1205 1 
1652 8 
1894 8 
1979 1 
1997 2 

15»1- 
116 ]l31 
58 8 

195 1 

4002 

537 9 

447 7 

242 0 

84 3 
tl t 

28 

2000 0 

5 

78 

144 

479 

542 

358 

279 

99 

15 

2000 

501 

627 

1338 

1552 

0 03 
1797 
566 
256 

0 53 
116 
X*-68 09 
v-10-2-1 
-7 




IIG. Siandatd deviations of the quantiles of samples from 
normally distributed populations 
The formulae given here are only aijoipinicallj cortccr and 



Figil aLognotmal didribuiion fcTtuisfocmauon ofr 


Ifx IS plotted on a logarithmic abscissa scale (or log aeon 
a Itoeae abscissa scale) the unsymmetiical distribution (S)l) 
IS transformed into the symmetrical normal distribution 


/(logsf) = - 5 ^ ’«/('■)• 


(S3i 


(o<x<co) 

ni>(« 

(for it„,, and <5u,t »ee (**2)1 


From (fU) and (SJi) jc follows that 
- 04343 ,,, . 


(5J3 



F(x-,)-F0ogjr,)»^ 


better to use the ptoeedute given in section tOF, page 16t (distti- 
bution>free confidence limits) and m! calculate them by means of 
the standard devuilons defined in the formulae given here 


(Asymptotic) 

Standard deviation of x. 


1 \ fW^ 
/(X,) y N 


From (S14) and (S04) it follows that 


(S) 0 ) 


Sintilarly for the quantiles 

X, •aoiilogOogar,) ' 

and foe ungrouped samples 

o(»,).0(ioex,) ' 

(0 » ranks of the individual sample values, cf section lOE, 
page 160) 

From ($34) and (S34)'-(S4e) it follows that [for (541}-(S41)i 


Standard 1 
deviation of I 
thecoobaA. V 




In a normal distribution the median is identiul with the mean la 
The median of a sample is iherefore also an estimate of u The 
relative asymptotic efficiency of this esiimate aecotdinR to (4M), 
(484) and (Sit) is 


oIYN 


- |/1~08 


that IS to say, about 80% of the efficiency of the Cteimale of |a 
made ftom V according to (4»1) 



If the uansformation m (S14} yields samples from a nor- 
mally distributed population [cf (SOB) and section ItF, 
page 163]. then any Ittit valid for the latter may be ap- 
plied to these samples TAe rtmlls ef thtn Itrit will eho bt 
•alU for ibt rnilrantfirmeJ tamp/ts 

Foe the estimation of the quantiles and their confidence ) 

, (S4: 


llH.The logartihmle-normal (lognormal) distribution 
The probability density function of this distributioo 1 
,, , 0 4343 ,, , 


The estimates of Ui,( • and o,,, , are , and lut <> cal- 
culated according to(4rt)and(4na and b) by substituting 
!ogx for X and (logx)* for x' 


Mode - aniiloR (u,„ , - 2 302 6 o?„ ,) 
Median — antilog iiia(< 

Mean antilog +1 1513 obji) 


(SU) 

(SM) 

(SIS) 


For pvMptJ samples the following should be noted- the 
tiansfoimatiork x -*■ log x may be caiiied out only wnh 
the inditubal va/wr If a sample is grouped into classes 11 
must first be rearranged into an ungrouped sample The 
logarithms of the individual values are then obtained, 


In futural processes many random variables are lognof"*^'^ 
distributed In all cases where the reaction of a body to a 
stimulus IS proportional to the intensity of the stimulus and 

■Iheqaamilctoralnnirotmcii Taritble ire given by the 
tilca oC the onginal vat iibU pros vied that the ttaatfotmition v. as ma*“ 
an mmatmg (unction I/{log Jr) is »n increaiing function e>f ») 
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sue of the body, the form of the distribution is lognormal. In 
jitnctice, this applies particularly to toxicological and other similar 
.^^o^og^<st^ Kcacfe, where fogattthrmc transformation of the vart- 
thle .V (dose) is a matter of routine. 


The Student distribution is independent of p. and o; its f 
determined only by the number of degrees of freedom r 
determination of the degrees of freedom will be described la 
various individual cases. 


tir.Thc addition titeorcin for the normal distribution 

If .V(. .v„ ...j arc stochastically independent, normally 
ilislributcd variables with mean values |i,, p,, . . ., pv and 
variances oj, oj, ..., oj, then the variable 

•v -Vi d: .V, d: • • • i -v* 

is also normally distributed with mean 
p Pt d: Pi i- • • • i Pi. 
tnd variance 

O* Ofl 0* 





In (54S) it should be noted that the variances arc also additive 
n’hcn the mean p is obtained from differtmt. 


Fig. 32. Probability density of the norma! distribution and of the Student 
button with degrees of freedom v 4. 


11 J. The central limit theorem 

The importance of the normal distribution lies in the fact 
hat under foitly general conditions, the sum of k stochas- 
ically independent variables of any sort converges stochas- 
ically with increasing k toward a normal distribution 
vith mean 

p Pi + Pi + • • • 4- Pi 


The Student distribution (or /-distribution) is very similar 
normal distribution and converges toward it rapidly with in 
ing degrees of freedom. Its range of variation is from minus 
ity to infinity. It is continuous, symmetrical ■xsxd bell-shaped, 1 
contrast to the normal distribution has more probability co 
trated in the tails and less in the central part. 

Equations (S12)-(517) for the standardized normal distti- i 
> (546) bution derived from the symmetry arc also valid for the I 
I Student distribution when c is replaced by /. ) 


ind variance I 

o’ i=t oj -p aj -f- • ■ • -f aj j 

From (S45) the sum of normally distributed variables is always 
lormally distiibutcd, even when k is small. (546) is valid for vari- 
iblcs distributed in any form, however, only when k approaches in- 
inky. In practice, the expression 'infinity’ is interpreted Jiberaily. 
Thus, if for example in (546) the distributions all have the same, 
lot too unsymractrkal form, then practically speaking their sum is 
lotmally distributed even when k is fairly small (50, 100, 200, . . .). 
n other words, there will be a negligible error if the sample dis- 
ributions ate treated as normal. 

n this publication, the statistical tables relating to sample 
listributions are so arranged that samples exceeding the 
abulatcd sizes can for practical purposes be regarded as 
lOrmally distributed. 

With one exception, all the sample distributions dealt with in this 
hapter converge toward the normal distribution in accordance 
vith (544). The exception is the distribution of the extreme range 
and of course that of the extreme deviations). 



2. Distributions closely allied to the normal distribution 
2A.The Student distribution 

If in the standardized normal deviation c = (x ~ \l)Io the stan- 
ard deviation o has to be replaced by its estimate s because o is un- 
nown and thus has to be estimated from the sample, then the stan- 
atdized variable 


(r, independent of x) 
as a probability density function 


/(/|v) 



r (v/2) V Tt 



(v + l)/2 


/ (.v/2 - 1) (v/2 - 2) ... 3 X 2 X 1 
1 when X is even 

-here fixft) = { _ 1) (.v/2 - 2) ... 3/2 X 1 /2 X I'w 

\ when X is odd 

I is the number of degrees of freedom of /) 


(548) 


(549) 


Tables 


In the tables on pages 32-35 the exact deviations /,, for dc 
of freedom v between 1 and 200 are given for the following 
grals; 


P (of the table) = / /(/) dt => Prob (/ > /,) (») 

<0 

2 P (of the table) = / /(/) dt -h J f{t) dt 

= Prob (/ < /,) + Prob (/ > /») 


In one-tailed tests (confidence limits) o = P, in two- 
tailed tests (confidence limits) 2 a = 2P. 


(c) 


In accordance with (405 b), the cumulative distri- ' 
bution F(/) = Prob (/ g /,) is 

p(/„) = 1 - Prob (/>/„) = 1 _ p = 1 - (ssia) , 


In the table on page 42 the exact deviations /; for degre 
freedom between 1 and 200 arc given for the following into 


Pr^i /(P) dP = Prob (/’>/’) = 2 Prob (/ > /,) (’) 

■I 

MiPr-s ’/2(SS2a) (b) 1 I 

For one-tailed tests a «= Is P, for two-tailed tests 1 , , 
2a=P. ( 

For the relationship between the Student and p-distribution 
(575). 


12B.Thc X* distribution 

If -v,. .v„ . . . arc stochastically independent observations i 
the same normally distributed popuiation with mean u and stan 
deviation o, then the sum 

xl = fl + f| + • • • + f' 4- • • • 4- fl = s ' 

1 

of the squares of tlic standardized deviations 



has the probability density function 


/(x |V) ■ ^"2) 




[v is the mimbcr of degrees ol ot x’l 
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« 8 10 12 14 » 19 20 22 24 2t 23 30 

itj tiensiiy functioni of ike x* disiribuiton «ubv~2,4, 10 


}t/,(oftbetabIc) y,(jJ8c) (d) 

For cat-UtltJ x* “ “ Vi /, | 

Fo(/a«-/>n/4</x‘tC9ts2a 1 j 

Withaw-zAW confidence limits for 0. j 

foe np/xr limits a = I J, 

for /«»er Iinuts a 1 /■ | 

^ > (0 

With confidence limits for OT 
foe the tipptr limit ““Vi/rl^Qj j 

foe the Awrr limit ct Vi /| J J 

Ute useful square root ^ v/x! for degrees of freedom be- 1 
tween 1 and 200 is gitenon page 47 {confiJinctfailorifora) I 
foe the following quantiles I 


J 




Xp 

l-2a 

Xp 

l-2a 

005 and 095 

0 90 

0 01 and 099 

0 98 

0025 and 0 975 

0 95 

0 005 and 0 995 

0 99 


nee o‘ - 2 v W I 

If when ^ 

-►1 W ] 

■ttibution -►Notmaldi«nbution(v.J''2v), 1 „ I 

hitlyslowiy I' j 

'distfibution-b Normal distribution 1 >i I 

<i'2v-i,l)*,fa«etihin(b) ) t 

■■mattBHt far qiunliltt 

cmrally positioned quantiles [in aceorJince j 

»e)l 

• H (f, + i'lTTi)*, V > 30 (•) I 

itreme quantiles'^ [ 


'alculation of the quantiles 0 005. 0 025, 0 975 and 0 995 
•e confidence limits for Ji of the Poisson distribution see 

' p/« [of (JJT)] Comparison between (a) and (b) The 

2* III IS required 

Vi (1 96 + hOO - 1)' - 70 922 

■>.50(1--* -1.196]/ ) -71424 

.J \ 450 I 450 I 

Italue 1171420 

/sbles on pages 36-39 the exact deriationix! for degrees 
ii>^,'n V between 1 and 200 are gieenfot the following mte- 

the table) - / /{xl Jx' - ^ 1 

the table) = >.(II8a) 

tbetable) = //(x')**- Prob(x'< xl) j 

- fix'.) ’ ' 


Rtlalumshipi ailk elhtr Jitlriiuliant 
Notnul distribution- 
When w — 1. then x» “ f'i4,)/i. that is 
Prob (x* < X» - 2 Prob (0 < e,) 

F-Disiribuiion. see (574) and (S7T) 

PotssoN distribution 

The probability that a Poissov variable with mean x!/2 
takes the value X IS -yI/2, ' 


This disttibution is shown very clearly in Figure 44 oaoe 
with X — xll2,x — v/2. ' ^ * 

It can be shown that if v is even 


Tot even numbers of degrees of freedom v the followins m 
tiles can be ealeulited on the basis of fS42) from th^ntHtS 
limits for X of the PomoH distribution, pages 107 and 108; 


Prob 

a., 




(Mbie on 

P.ge 


•/ 

rp 107 and 108) 

squall 

ooos 

X- v/2 




Sf- v/2 



0995 

*-W2)-l 

x-(v/2)-l 

107 

103 

2Xr I number 




„ " 

n. 

'"'J'"'”" w>) ihc .urn cm be hmC 
parts, for example ^ up mto any number 

„c. 

It follows that x» (v = .. ) 

distributions have "'‘Impendent « 1 l 

-P«t.ve1y. S li: t X* I 

gteesoffiirf^'"^“'‘°"'»'thvJvt+‘v^+"‘^*i | «4 

^ ■ + ''■I de- 
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X’ inrnpk v.irhvw 

In nccofdmcc witli f5S3). v»r.,ry;Cv~ij^«l/«» 7r . : i i 

l>y (hen from (493c), ~ xy J\n ~\ u>/inow 

'•cntualJj'obt.iinccI in place of£(x - «)> 
Ifit«it(\c!y It IS surmised (hat ' ' 

V / * 

X, ■■- where V •"? degrees of freedom of r’ (%$$) 

md this is a good guess. It should be noted that (5(iS) is a second 
definition of x’ equivalent to (553) but valid w^ft>r«r.WA dis- 
ttdnitcd populations. 

All iniliortalit atyniplolic properly ofy} 

Given is a .s.afnpic divided into ;; classes from a popu- 
lation of eny fom. If/, is the observed frequency of the 
class i, where /. -J-/. d- • . . +/, q./„ == at, then /, is 

known as the empirical (absolute) Jrtqiitiicy. Ify}/ is the pren 
or a hypolhtlical probability that the v.ariable .v will fall in 
the class /, where y>. q- p, + y>, + . . . q. tj,c„ 

A(/>, IS known as the pmi or the liypolhelicat {iih%o[Mic) fre- J 
(liteney. The empirical frequencies in the individual classes ' 
arc random vari.ablcs. In this ease 

^<A:^<):_..,.;,vhercv = „-l 
Y Npt 

when V -> 

(566) was discovered by K. PcAnsoN. The fact that it is exactly 
valid only when v ->- oo is of little consequence in practice but 
gives rise to certain restrictions: 

In tests for goodness of fit based on (566), the samples as a 
whole should not be too smalt, the hypothetical (absolute) 

''reqiiemes in the mdhidual classes not heiop NPi = 4. If they 
ire less than this, they should be increased to the required 
cvcl by combining 2, 3, ... neighbouring classes. This is 
icccssary, however, only when the number of classes is 
.mall. If V is greater than (about) 8 and the sample size 
)vcr 40, then it is permissible for iVj», in isolated classes 
o be as low as 1 . 

As a rule the hypothetical frequencies arc not given: 

"hcorctical (absolute) frequencies iV/r, which have been 
alculatcd on the basis of estimated parameters arc known 
s fitted frequencies', the theoretical distribution cottespond- 
ig to them is known as the fitted dislrihulion. J 


^-distribution, which is equivalent to thcT-. 


(567) 


tion'-'. 

If r| and r| arc two stochastically independent estimate 
dwe" wiA (si!)" ^‘^MbutedpopvAodosi, then i 

rj o’~andri = o‘-2l- 

V, v. 

It follows that the quotient 

X!/Ve 


(568) 


s' yj/v. 


; 0 g i- < eo 


(v, and V, arc the degrees of freedom of/, and /, respec- 
tively) ^ 

has the probability density function 
12/ 

^ t.. X 


Vt-3 


/(A) = 




V, v,‘ 


Yl+v, 


;0gT<co 


/ 


(Vi+ V,P) 


[for r sec (549)] 
J{F) 



Fig.}4. Probabiliq- density funetionsof the F-distribution with various de, 
of freedom (v, ; v,). 

The P-distribution is a continuous unsynimetrical distribu: 
with a range of variation from zero to infinity. 


Parameters 

Mean 

Variance 


' v./(v. — 2); V. > 2 

2 (v, + V, - 2) . 
v, (vs — 4) 




(a) 


V, > 4 (b) 


' k parameters must be estimated in the calculation 
f fitted frequencies, then the number of degrees of 
cedom for yp defined by (566) is v=« — 1 — .fc, 
here II = number of classes. 

' m samples each grouped into « classes (in an m x n 
intingency table) are submitted to a yp test based 
a (566), then the number of degrees of freedom for 
' is V = (k — 1) (tu — 1). 

^ the special case, frequently encountered, of the 
X 2 table, V = 1. 

For an example of a -jp test with estimation of p.iramctcrs sec 
ction 1 1 F (b), page 164. Another yp test is described in section 23, 
gc 191, in which further tests for frequency arc dealt with. 

In conclusion it should be noted that definitions (553) and (565) 
Hex fundamentally from definition (566) in spite of the fact that the 
rmulae arc very similar: (553) and (565) are valid only for normally 
trihuted populations, (566) is valid for populations of any form; 
(553) and (565), R and s arc contmuous variables, while in (566),/ 
1 discrete variable. 

When yp tests arc carried out with the aid of fitted distributions, 
c must be taken that the estimates made satisfy condition (4J0) 
(431). 

O.TbeP'distribution (variance-ratio distribution) 

A the expression F-distribution, the letter F symbolizes not a 
nulativc distribution but the name of R. A. Fisher, the discov- 



Interchange of v, and v. 

F»(f:vi;v,) = l/[F„(l-p;v,;v,)] (5 

In (573), p can be Prob (F > Fc) just as well as Prob (F < I 


Tables 

The values of Fo given on pages 40 and 41 satisfy the followi 
equation: 


F (of the table) = F, « / /(F) dF ^ Prob (F > F.) (a) 
^ 0 

In one-tailed tests cc*= in two-tailed tests 20 : (b) 


(51 


On the t’ table of page 42 see (575) and (552). (/) 


Relationships to other distributions 
Student distribution ; 

Prob ((F > F,) M ; v,] - Prob (F > /J ! v,) j 

— 2 Prob (r > /t i V,) I 

For F(I; v,) with v, values between 1 and 200, the more con 
prehensive F table on page 42 should therefore be used. For c: 
planation see (552), 

X’ distribution : 

When Fp and xj denote quantiles 
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From (S 7 t) knd (SSfa) it follows that 

Hv,; »)-♦ l.when vi-> ~ 1 

} that i: 

vO-* 1 , when vi-*~ J 

Binomial dijtnbution* 


thatis.ftoo;oo) _ 1 (J77) 


13 B.Tole(ance IntervaU 
Tattrantt iilenalt wiliont (O’lfiJence probabiJilj 
One-sukd tolerance interral with upper limit 
Ptoh(-«» <»:<« + * \ 

(<£aIso(ni<i)] I 

One-sided tolerance inteml with tingle hutr limit 
Probfw — ifc X dd < sf < oo) — 1 — a - p,: I 

tcf also ($t 1 d)l j * 

Two-sided tolerance mterral with symmetrical limits 
Ptob(ii» — ife y.Si<x<m->rk xd^) — 1 — 2 a--P*l 
(ctalso(f»d}] (' 


'ihere N •• ^ ** — 


V| and 'll are CTCn numbers 


On the basis of (STt) the following quantiles can be calculated 
from the confidence limits for 1> of the binomial distribution 

P»h I , I ] 

(F<fd Cel. I jy ~ ^ ! F; 


0005 W% . 

0 Q :5 05 % V,+V) 

0»75 55 % ~T~' 

0«s M% J 


C W« ;4 F, ( 152 . 36 ) IS tequired-VU'e hate N - 93 . *- 75 . 
- 0 8993 (from page 96 ) , //(I - - 8 930 49 . v,/v, - 0 236842 . 
‘■tm(\ 52 . 36 ) - 2.11 


1 

«r.isnd 3 / 

or (SSI 

.b.c) 


j 

1 





j 

1 Equations 

offree-l c S S 
domv ^1 = 

im 

- 

k ' 

JJ 

Page 

('.'. 4 ) 1 

(a)aAd 0 >) 

>200 Ji.oor 

a.t 

jlocS 

I'al 


29 


SlOO a.a 

£ 


o 

44 . col 1 1 

(s)an<l(b) 

Sioo n./ 

(t 

'>« 

/ 

32-35 j 

(s).nd(b) 

SlOO a.e 

£ 

4 .* 

/ 

44 .eoI 2 

(c) 

>200 u.oot 
a.e 

liotS 

I'.l 

Bor/ 

28 1 

(«) 

stoo a.a 

g 

4 ( 

0 

44 ,col 1 


SlOO u,/ 

(1 

y. .. 

1 

32-35 

«> 

SlOO a.t 

£ 

i, 

' 

44 .eoI 2 

* P» in the table is nleete 
|l- 2 «.«is given 

IS Follows 

B, (rtijuirrd) - jj 


Toleranee lultrtalt a uh tMfiJenie prtbabilitp Pi 
Etjuations (8(5a,b.c)ate apphable wnhthe following comple. 
meniaty equation [example of (581 d)] 

Pfob(Pfob(w — kxSd<x<n^kn Sd) S 1 — 2 a) — Pi 


JJ.The normally distributed pepulatloni Confidence and 

tolerance Intirvala 

<Cf alto section 8 . page 154 ) 

tM Confidence lotervals for the mean n 

confidence mterral with upper limit 
I^b(- ‘«<u<« + *xJd)-l-a I 

[rf siio(«4i)i ' [w 

»>ded confidence mterral with tnih loarr limit 
WslsoCSIOd)] J t a 

Two-Sided confidtnte tnterral with lymmetncal limits 

W S iilltV' '“<’ + *« -Tfl - 1 - 2. j 

T»«°n4.J4fnf fsn. k (*M) 

I I 

Eqiuoao. ' ^Itw. ' _ I 

dom* * ^ SJ ^ i 

:=s 5 i 3 i"^:-lrr'" 

- ::KSg!r- 

1 '32-35 ll 1 


In the table cm 

M - W- V (for *.) the numbet of degrees of free- 

't^m'tion from i m the argument N In this table the 

'takes place at A ' .-20 1 


,(a)tnd(b) S 100 Jt,o £ V O 44 ,ee )3 

(*)and(b) 5 100 u.t u *•* • 44 , eel 4 

l(a)and(b) S 1000 I H.e S t, e 45-46 ' 

(c) S 100 a, a £ b, et 44 .tol 3 I 

' (<) S 100 U. t U 3 , I 44 , col 4 I 

(e) SIOOO J?.< at, I 45-46 ' 

* PrUtthebUeuKlecud isfotlows Ps > 1 - 2 b. ms gi^cn I 


“ f... K-i X l/l'/^fot Af g 201 
= ie.| xl/KwfotfV>Z 0 l < 

xKT+l/iV" I 

xKTTT/fv ( 

k, solutiooof = p,, (e'«» fg ) i 

*. - l<.,l X 

k, cf. EtSENifAKT et al pages 108-109 

13 C. Confidence intervals for the standard deviation 

^-roniTdSB/’ti'WItuw.'hrii 
Prob(i,/. < q <*rO “ 1 -- 2 a 
where ki = Kv/xJ. and k, — l^v/x!, « 

Values of kt and k, for degrees of freedom between 
•re given tn the left-hand table on page 47 . 
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K.TItt) normftlly dlstrlbulcd population; Extremo^no,. 
flnrf extreme deviations ‘feme range 

J'lA. TJie cxffcttic r.ifiRc 

Dtfmliii'ti 

ll\v, h die Imeest nnei .v„ the h/fihest vnluc of n samnlc of 1 
'i.'cr?, die?) (-v„ - .V,) is die extreme rnngc »■„ of this sample. | 

The st.ind.u(!i7Cil cxifcnic r.ingc of a ssmplc or she n from i 
\vith stand, ird deviation a is 


Ovedapping groups must of course be avoidc 
dependent* would obviously r 

CTi at a fraction of the mean extreme range 
The quotient 


ll" 


fn 

n 


rt 


(SB6) 


tr„l« 

where w » ,= sample size Af, gives an unbiased estims 
dard deviation of the estimate S. Values of the i 


The mean extreme range of m samples of size « from one and the 
same population is 


A. 




rt 


n 

t 

rt 


2 f.v,. - X,) 


nnd ti\c standardiV.cd mean extreme range is 


r\ 


«,rt 


“ m.rt 

n 


m o 


mo 


( 587 ) 


(S8B) 


arc given in the table on page 48. 

Example 36 (section 14 A). Given is the sample 3.1 
2.08, 2.10, 2.67. The estimates of o and on the b; 
tremc range or mean c.xtrcme range are 

(a) 1 extreme range 

r.S‘f — S.CC: range = 


= 1.66 


cr' ^J.66 xP.3! 
oj = 1.66 xO.K 


Since the extreme range »•„ is merely a special ease qf the mean 
extreme r.ingc „ with m^l, only the mean extreme range will 
be referred to in the text that follows. 

Mean extreme range as a multiple of a 

The expected value H'„ of the extreme range of random samples 
of size n from a normally distributed population with unit standard 
deviation satisfies the relation 


(b) 2 extreme ranges 

1.34 — 3,00 1 mean 
2.08 — 2.67 J range 


, o' = 1.125x0.59 
• o^ =1.125x0.24 




■Tf„ 




' , n ^ -^n 


(S90) 


( 589 ) 


Tiic upper right-liand table on page 47 gives values of lf'„ for 
he standardized normal distribution as multiples of o (Many 
lUthots use the symbol in place of TTn.) 

t as a fraetion of the mean extreme range 
The quotient 


(c) 3 extreme ranges 

1 ^4 o fiQ 1 mean n me ® ^ 0,916 xO.SSi 
i'lO r 2:2? J = 0.916 xO.36: 

For comparison, o can be estimated using (492 b) wit 
r = 0.63257. In order to correct the bias of this cstin 
be multiplied by the factor k, = 1.050 9 (see the ieft-ha 
page 47, column <6,), giving the result s — 0.665 and s^ 
All the above estimates may be regarded as equally 
though the agreement between s and the estimates (a) 
striking, this docs not mean that estimate (c) is not a 
further sample from the same population could result ii 
neater to (c). 

14B. Testing extreme ranges and extreme deviation: 
The' sludtniixed' extreme rfln^< (table on page 51, sample sis 
In the test quotients 


ives an unbiased estimate of o. Values of this quotient ate given 
. the lower right-hand table on page 47. 

The relative efficiency of (S90) compared with that of the estimate 
[r*from (492 a)] when w = 1 is'^ 

I! 2 3 4 5 6 10 15 20 50 100 cs> 

fficicncy 1.00 0.99 0.98 0.96 0.93 0.85 0.77 0.70 0.49 0.34 0 

For sample sizes between 2 and 10 there is thus little difference 
tween the two estimates. Within this range (590) is useful as a 
bid method of estimating o but it should not be used in place of s in a 
■ndard t test . . 

For larger samples the extreme range of a can likewise be ac- 
ratcly estimated, namely by dividing the sample into a number 
of independent subgroups of the same size between 2 and 10 and 
, :..g their extreme ranges. In accordance with (S88), the 

of these ranges is then the mean extreme range. However, 

' a subdivision must be effected by a random seltction an^ong the 
■|"M" sample values. If there is no natural method of dtjing this 
th as using the order in time of obtaining the sample values), 
tdom numbers may be used, but the time needed to carry out the 
xlmsion will tend to nullify the advantages of the mojc rapid 
cuktion. 

t 


^ 1 

/y 

(v = degrees of freedom of r; .v, < x, < . • . < .v.v) 

s is an estimate calculated from a sample different fron 
dependent of the sample to be tested but originating from 
population. If the test quotient attains or exceeds the lev 
fable corresponding to the degrees of freedom v, and th 
size N, then the extreme range in question is too large (sig 
probability a). 

If a is known, the levels at v = should be used. If th 
size exceeds the range of the table, testing should be c.irric( 
cotding to (S96 d) for sample sizes between 21 and 25 and 
ing to (S9S) for still larger samples, if it is desired to test extra 

The ' studenti-ed’ extreme deciaiion (table on p.igc 52, sample t 

In the test quotients 

Xk - -t? - -v, 

or 

Sy Sy 

(v = degrees of freedom of s; x, < x, < ■ • ■ < sf) 

s has the same meaning as in (592). If o is known, the k 
V = CO should be used. If the test quotient att.ains or cxce 
level in the table corresponding to the degrees of freedom 
the sample size N, then the extreme range in question is / 
(significance probability o). 

If the sample size exceeds the range of the table, testing 
be carried out according to (595 c .and d) for sample sizes Vx 
10 and 25 and according to (595) for still larger samples. 



Statistical Methods 


171 


t tlatidjrJixtJ txirtm dmahon (upper taP'® P^E* 5^) 
X'e have 


Prob{f S O - I //(<) for (. see 


(•) 


(1»4>* 


Prob ( - f. S r S O « [_}/{0 *] ^ 

- standifdaed extreme deviation; N •" »«e) 


In the test quotients 

y^-ia H-x. _ ^ (J«) 


e symbols have the customary meaning for sample sacs over 
1 . It and o can be replaced by S and t po* S'wller sample* (S»J) 
ould be used. 


rjtoi ,xtT,mt w/«/ e/a umpl, on Ik, b^sl* «/ 
ipper left-hand table on page S3, tampU *'** 3-25) 

V; hen no independent information on deviation of 

le population is available, extreme deviJ''®’’* *smplei up to a 
M of 25 can be tested by means of the following quotients- 


3- 7 
8-10 


^ (b)| 14-25 


Quotient 

■ew-Xw.sl 


<. «h«o 1 (iBk'-hi""! «>'” 

IS tested, 

,h<ii ■ 

IS tested 

W nh samples of over 25, (If S) should ^ “«d with n and <r re- 
>Uee<l V; fi vcA t 



Zn/ral leitsiJiralinHS M Hiliig l\lrtn, tain*' 

It IS common for extreme values to h* igoor«d, often without 
tomment by the author and without the'' being rested stata- 
:icilly Occasionally they ace even eUmio»«d hfor, the expeiimen- 
:il data are put into the hands of the staH«‘««" This Is clearly un- 
iesirable, for in some situations extreme «« o”'" »>* "»*' 


reveals a causal circumstance aecoummg f°' existence Example* 
would be an error made in measurement* o/ cal^lalions. the un- 


is to contain extreme values of the pop'*'*''®'*- A small sample 
containing sn extreme value can give a completely false picture of 
the population it represents In such case* ‘he extreme value 
ipvni I lowcTtf. It is advisable to use * •''’"'I »ig«ificance prob- 


rveuliatlv dependent on this condition of normality 
• Till formula hdefiTed from (Jir) ind (<**'1 ('•'•’I 


SpMal tMnJeralmt in tilting ixirtmt palmi 
Iftesting in accordance with (Sf2) results in the postulated si^”'^- 


It is permissible to test extreme values more than once in ‘he 
same sample. In this case the sample size muse be reduced by 
after each rejection before a new test is made The resulting 1*^*' 
of sigruficance a,„ for the total number k of significant tests fhen 
has the ttrji appnximnli order of magnitude 

Exanrpl, JJ.’The sample of example 24, page 160, is to be te*'®d 
u^g (SMd). 

////«/ (AT -2t) 

Right-hand 4 41 — 2 68 _ . g,, deviate is too large 
extreme deviate 4 41 _ i 75 “ ’ (b •< 0 005) 

2njMHN’-7a) 

Right-hand 3 56 — 2 35 deviate is too large 

extreme devute 3 56 — 1 76 ’ (« < 0 005) 

Only the Stk test gives no further significant deviation 
After two deletions ci,(, ~ 1 —(►0 995) (>0 995) <0 01, if 'he 
sample were from a normally distributed population This is *'0* 
thccase(cf section lOH, page 161), so that the extreme values <'’*5' 
on no account be rejected 


15. The normally dlatrlbuted population: Comparison 
a sample with the hypothetical population 
15A Comparison of the sample and population standard 
ation* , and o (ot of the vattanev* i’ and 0*) 

The confidence limits foe 0 are obtained from (S84), those fd' ®' 
analogously by replacing / by /• and k by 4* The hypothetic*^ " 
or 0* IS then compared with these limits and the result mterpr^teu 
in accordance with (474) 

1$D- Comparison of the sample and population means S an*^ l* 
Comparison ofthe estimate 4^ with the hypothetical mean is 
by means of the test quoiients given m (5»8)-<402). the numef‘“l 
value of the quotient being compared with the limit given- 


If the test quotient is mtl/tr than the limit, then the result \ 
IS interpreted in accordance with (474) or (47S) If it attains ] 
or exceeds the limit, then | 



1 Signi6cince m bnekets | 

1 Ont tailed test 

Tvo tailed test 

1 When^- U <0! 

'KhenJJ — |i >0 

S < U («) 

J? > u (a) j 



The e-test (normal distribution) 

Applicability When o is known or when the degrees of fteed^tri 
ofe-Af-l >200 


Test quoeieni 

Significance limit 

! is-nll'w j 





1 r« 1 , page 28 (>) 

(* - II.VN \ 



u* 1 


•x’.,. page 36, 

- 11 /,. 2.-1/, W 




•Pf>20l 

f/ y ^ confidence 

Jiv-s 

factor k,, page 43 ' ' 
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I he /-lest (StiuJcnt clisttibution) 

S 200 " of freedom 


Ten quotient 

Significance limit 


■'x-l 

I.v-I, p.igcs 32-35 ; 
a P, 2a 2P 

(=>) 

{.?-p)'AI 

; AI g 201 

/x-„pagc42; 
a >=■ 'AP, 2a P; 
cf. (552) 

(b) 

frJii ;AI.<201 

^.V“l 

” confidence 
factor k,, page 43 

(c) 


(59?) 


l-onij’s test b.iscd on the extreme range'® 

Applicability: Samples of size iV g 20 (a) and JV> 20 (b) 


1 lest quotient 

Significance limit 


; AI<20' ] 

Page 53, middle 

Icft-liand table 


.Six ~ -v, “ ' 

-v, < .V, < • • • < .XV ) 


S.?-p 1 « . 1 

Page 49; 
vim, n page 48 


Ij:(.v„ -. v,)]vJ„.„ ' 1 

« X // « AI j 


n - number of subgroups of size n (cf. section 14 A, page 170) 
in which .v, < -V, < ■ • • < .Vn 



16A. Comparison of varianees 

The test quotient for the hypothesis (aj = of) (403) is 
(570), in which the larger of the tav sample variances must 
ah'ays be made the numerator. This means that renumbering 
of the variances with respect to the indices of the table is 
necessary when si (from sample 1) is smaller than r|. The 
number of degrees of freedom v, in the tables on pages 40 and 41 
ts always that of the numerator of (510). 


(« 


si and must be calculated from (492). Their degrees of frt 
dom arc v, = JV,_- 1 and v, = iV, - 1. 

If the test quotient is smaller than the significance limit F in t: 
tabic on pages -40 and 41, then in accordance with (474) it can ] 
assumed that aj =05. In this case the means are tested by tl 
procedure given in section 16B below. If the test quotient atiai 
or exceeds the significance limit F, then ai > 05 (significance prol 
ability a = P) or o\^<sl (significance probability 2a = 2F). Ti 
means ate tested by the procedure given in section 16C, page \1. 


16B. Comparison of means when oj = of 
The following symbols arc used here: 


I Si — -S, I = (/ and I Pi — ps I = <f 

The estimate of the common standard deviation 


Tl -l- Sj 

2 


; Tl and Ti from (493) 


{404 

c = Oi = Oi i 

I (407 


V, = vj -f v, = All -}- JVj - 2 j 

The estimate of the standard deviation of the difference <7 is 


The midrange test based on the extreme range®® 
Applicability: Samples of size A/ g 10 


Test quotient 

Significance limit 

).V;,-}-A-,-2p| 

1 P.agc 53, upper right- 
hand table 

tox-tc, ' 1 


WAtsn test®®'®' 

Applicability: Samples of size 4 g A/ g 14 from any symmetrical 
population 


I (601) 


Note that while the use of (598 b) and (599 b) involves the squar- 
ing of (If — p) it obviates extracting the square root of s’ (provided 
s is not required). The use of (598 c) and (599c) avoids the multi- 
plication by )fiV, with the further advantage that the transition from 
/ to r in using the table on page 43 is quite ‘automatic’. 

(400)-(402) are straightforward rapid tests [especially (401)] in 
which even if docs not need to be calculated. Within the tabulated 
range their power is practically the same as that of (599). The 
Walsh test is suitable not only for normal but also for any other 
symmetrical distribution. In this case, the significance probability 
for IST up to 8 is somewhat higher than that in the table. For AI > 8 
the values in the table are exact. 

When a calculating machine is not available, multiplication is 
faster than division. In this event, the significance limit should be 
'multiplied by the divisor of the test quotient in order to obtain the 
j ir for the dividend. __ 

I X — u I y iV 

Example 3B. When t is the limit for > then / r is 

the limit for | x — p j KiV. 


Test quotient 

Significance limit 

Page 53, lower right-hand 
tabic 

Page 53, lower right-hand 
table 


16.The normally distributed population: Comparison of 
two samples 

In comparing two samples, the following hypotheses concern- 
ing the parameters of the origin.al populations must be taken into 
consideration: 


Pi = Ps 

(a) j 

(403) 

Pi Ps 

(b) j 


Pi == Pt 

(®) 1 

(404) 

Pi d-- Pt 

(b) 1 



Sd “■'j/ -tfrom (487); v,^ = AIi -f A/,— 2 (408) 

If o is kn own, s is replaced by o in (408). If AIi= 1, then tj = 
r|^l + V = AI, — 1; cf. also (452) and (583 c and e). 

The test quotients for the hypotheses (pi= p, | o! = o|) arc 
if a is known or v > 200 
d/od or d/Sdt limit ) c ^ |, page 28 

when V g 200 

dfsa; limit pages 32-35; a = P,2a=‘2P 
or 

d'jsl; limit /J [= Ffi ; v)], page 42; a P, 

2a=^P 

If the test quotient attains or exceeds the significance limit, then 
this is considered as evidence that p, p,. In this case it is often 
desirable to test the hypothesis (p, — = r? | o] = tj|): 


(a) 

(b) 


> (409) 


(0^ 


The test quotients arc obtained by replacing d in (409) by 
Id — ell. If the quotient exceeds the significance limit, then 
this is considered as evidence that Pi — p, <1. 


(610) 


ct,) = l-2a ) 


(411) 


The confidence limits for rf arc 
two-sided 

Prob(d-t,., xSd^el Sd+t.,,a X' 

one-sided with a single upper limit 
Pxob (d g d -f- /,,, X tj) = 1 — o 

If the test quotient in (409) is smaller than the significance limit, 
then it may be assumed in accordance with (474) that p, = Ps- 
Since also (s{ — aj, the conclusion may be drawn that the two 
samples I and 2 originated from the same population with mean p 
and variance o’. Estimates of these parameters arc 


-bS-x. 

I I 

N,+N, 

T, -f T, -f 


AI, -f A', ' ' 


(612) 



\ ’ /-Vl \ » 

/‘Vl 

.y, y 

(S-v 

.) (L-V.) 

S-v. 

-i- S-v, 

V 1 

/ a. ^ ’ 

' I 



A^ 


N, 


AI, + AI, 


v. 


N, + N, - 1 
rf -b V, r? + AI, -f ! -f AI,.v| — 


(AI,.?, -b A'-,.?,)’ 

M I- A: 


} ( 413 ) 


AI, -!- AI, - 1 

where v. = AI, -b N, - 1 ; T, and T, from (493). 
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KC.CompatUon of means when oS ^ oj 
If o, and 0 i ate known, ot Ni + Nt> 200, then 



and the tett quotients 


have the ur 

If o, and 

J , 

and • 


Tffi Unvits as 

Of ate unknown, then the test quotients 

W-«t) 


have the same limits as 


*'K+0-*)*N 

(v; and vt ate degrees of fteedom of and ti tespec- 
tieely) 


(«t4) 


{4IS) 


(<1«) 


UD.Teaiing |tai( dlfTerencea 

VChen two analytical methods can be toed out on the same sub- 
strate, oe two methods of treatment on the same indiTidual, then 
the peaie «/ < <<ti is ssnsidcrei^' Xttette i( in place of the ddfeKnee 
betucen lw« metna, tm mean ealeulated ftom (he sum of the pair 
differences is tested. 

Let A and Ji be the methods to be eomparcd. At —Bt *■ (he 
diiT.»f.» v.r'— — — ’■« r -*** - ■<- 


ISD because of the non-independent nature of the samples 


t4E. Tests fot two samples tsslng the etnitme range '* 

(e) tampJa tflh ,am> Uff N'-N‘-NSiVi 
x‘„ — vj and are the ememe ranges of these samples, 

the test quotient is then 



(for limit see page 53, bottom left-hand table) 


(*)r»«M>»y>/fj»/»K^/ii^f,otofthe same size butUrgeelhaninfa) 
The samples are divided respectivelv into m' and *»" random 
subgroups of the same size * (cf section 14A, page 170) The sum 
ot lU the extreme ranges of these subgroups ftom borti samples ts 
denoted by J, The test quotient ti then 


1.. 7 ^ i „ «'+«', fot limit see page 4<>. («H) 

Sg X , for <4,., page 48) 


17. The normally distributed populatloniTestlnfl eeveral 
•amplet 


Civen are « samples of sizes 
Nt,N,. .A',. .N.,uhcrei;fV,-N 
The sums of the individual values x are 
S'xi.S’ft.,. ,5>,. ,5^,.where2iSx* ”£* 
The sums of the individual squares x' art 
. £‘vj. .. S v*,, uhere S 


The sums of squares calculated In accordance with (4»J)afe 
-Ti. Jh . . S„ . . .. J-„ where £ d', -* J (d) 

The degrees of freedom are 
Nt - 1, W, - 1, ... - 1, . , W, - 1, 1 

(symbolized by v,, v v») I (e) 

where j (A; _ 1) _ AT _ « « » - f v, J 

TbemeansSi.Si, , T,, ..,S,aredefinedby(4JI) (f) 
and the variances /!, /S, . . zf, , ri by (491) (g) ^ 


ITA/Testing variances 

The hypothesis oj — oj — • • — o} — - • — o* i$ tested by 
ofDtnTLETT'l test**. 

An estimate of the common vaciincc o' is 

^ 1 3", V and Aftom (420d, e and a) < 

where — A — « / 


The test statistic for a' is 

2J026 (v log /• - £ V. tog /})/> , I 

<• ftom (411), v, V, and i} from (410e and g) j 
where 

A « 1 + ^£-^- -J-j/3(x- l),vandv,ffom(4Me) (b> 



2 3026 V (log r* - (!/»)£ log /!]/*: see (a> («> 

-H(».H)/3v, seefb) (J) , 

The signiheanee limit fot the test statistics (4l2a) and (421c] 
fenattd from the x* distribution with degrees of freedom v - « • 
(cables on pages 36>30, 2>»l/r) If the test statistic a/ltmi 
rxneJt the significance limit, then we may luspeet that populatie 
with disetepani variances are among those being compared If t 
less statistic is tnatUr than the limit, then in aceotdanee with (4‘ 
It can be assumed that all the populations have the same vatlam 
Inthu case tl« tneana can be fuetbet tested at deset ibed In eectu 
17B below 


170.Tes»ng means! Simple analysis of vatiance 
In tetung the hypothesis u,- Ur" •• iii“ u* the ft 
lowing tabulation Is first made [cf also (420)] 



1 Sums ot . 

lottiecdom 

1 Variance 

Variance between | 
the samples 

' ! 

i 


Vaoaneeswvthin ' 
the samples 

1 1, 

1 ' 


Total 

! 

A-1 ' 

»’r- Jr/(N-1) 


wbeteJ,-£A,(«.-S)‘-s(Ex,y/A,-(£v)’/A(‘) 

J,- Jlfrom(l20d)l -Sr-S, (t.) 

+ S,- £x'- (Ex)'/ A (c) 

andf-^E*)/^ (d) 


(*2< 


Ira (424) a check is made by means of the two identities in (a] 
(b) end (c) 

In (411), rj represents the dispersion of the sample means K 
around the common mean <! the dispersion of the tndividua 
vahics around the sample means If all the samples originate fton 
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I lie /-test (Student distribution) 

^7- iv'- l' ?200 " '' of freedom 


Tnl qiioiicnt 

Sigiiiricancc limit 

- 


fft-i, pages 32-35; 
a - P, 2« « 2P 

(a) 


^x-i. P®gc'12: 
a ^ Vi P, Za P; 
cf. (552) 

(b; 

;Akg201 

Lv-i 

■= confidence 
factor /•,, page 43 

(c) 


Loud's test based on the extreme range'® 

Applicability: Samples of size NS2Q (a) and AT > 20 (b) 


j Test quotient 

Significance limit 


•Ar<20" 


Page 53, middle 
left-hand table 

P.igc 49; 

P-Igc 48 


•Vw-.V, 

Xl < .V, < . . . < .Xjf 

1 .c - p I /■// 


(a) 

[S(-V„-.V|)lz«„,„ ’ 
m X // AI 


(b) 

n number of aub/^roups of aizc n (cf.acction 14 A, page 170) 
in wliich .Vi < .v, < • • • < .Vn 


16A. Comparison of variances 

The test quotient for the hypothesis (of = of) (4 
(570), m which the farmer of the tao sample rariame. 
always be made the numerator. This means that renumt 
of the variances with respect to the indices of the U 
necessary when si (from sample 1) is smaller than /, 
number of degrees of freedom Vj in the tables on pages 40 e 
is always that of the numerator of (S70). 

si and rf must be calculated from (492). Their de 
dom arc Vj ^ Af, - 1 and v, = AT, - 1. 

If the test quotient is smaller than the significance 
table on pages 40 and 41, then in accordance with ( 
assumed that of — of. In this case the means are i 
procedure given in section 16B below. If the test qi 
or exceeds the significance limit F, then of > of (signi 
ability a <= />) or of of (significance probability 2( 
means ace tested by the procedure given in section 1( 

IbB. Comparison of means when of — of 
The following symbols are used here: 
f -^1 — -S', I ^d and j g, — p, | ^ 

The estimate of the common standard deviation o 

V, « Vi -f Vj « Pli -f pit — 2 

The estimate of the standard deviation of the diffcrc 


The midrange test based on the extreme range®® 
Applicability: Samples of size N SiO 


Test quotient 

Significance limit 

|x.v4-x,-2pi 

Page 53, upper riglit- 
hand table 



Walsh test®®'®' 

Applicability: Samples of size 4 ^ Af g 14 from any symmetrical 
population 


Test quorient 

Significance limit 

Page 53, lower right-hand 
table 

Page 53, lower right-hand 
table 


Note that while the use of (598 b) and (599 b) involves the squar- 
ing of (af — p) it obviates extracting the square root of J' (provided 
s is not required). The use of (598 c) and (599 c) avoids the multi- 
plication by j/W, with the further advantage that the transition from 
/ to f in using the table on page 43 is quite ‘automatic’. 

(600)-(602) are straightforward rapid tests (especially (40t)I in 
which even X does not need to be calculated. Within the tabulated 
range their power is practically the same as that of (599). The 
tVALSH test is suitable not only for normal but also for any other 
lymmctrical distribution. In this case, the significance probability 
'or AIup to 8 is somewhat higher than that in the table. Foe PI > 8 
he values in the table are exact. 

When a calculating machine is not available, multiplication is 
‘aster than division. In this event, the significance limit should be 
nultiplied by the divisor of the test quotient in order to obtain the 

imit for the dividend. 

I J*? " I 

Example 38. When / is the limit for J . then ts is 

he limit for j x — p 1 


16. The normally distributed population: Comparison of 
two samples 

In comnating two samples, the following hypotheses concem- 
in?the patamefets of the original populations must be taken mto 
consideration; 


AT,- 

If a is kn own, / is replaced by o in (608). If A/'i= b 
r (il 4- l/A':, V = M - 1; cf. also (452) and (583c and < 

The test quotients for the hypotheses (p,^ Pi j of = 
if o is known or v > 200 

d/oi or djsi ; limit I r. 1 , page 28 { 

when V g 200 

djSi, limit /„ pages 32-35; 2o=2P (' 

or 

limit t\ [= Aft ; v)], page 42; a = 1: P, ( 
2a = f> 1 

If the test quotient attains or exceeds the signifirance 1: 
this is considered as evidence that p, p,. In this ease 
desirable to test the hypothesis (p, - p, = 1 of = of) 

The test quotients arc obtained by replacing d in (609) b 
1 d — fl 1. If the quotient exceeds the significance limit, thci 
this is considered as evidence that p, — pi s* rl- 

The confidence limits for rf are 

two-sided j (.1 

Prob(</-/v.c< xrj) = l -2a \ 

one-sided with a single upper limit 1 

Prob (rf g (/ -k /,.« X ra) = t - a I 

If the test quotient in (609) is smaller than the sigmficar 
then it may be assumed in accordance with (474) that 
Since also of == of, the conclusion may be drawn th.it 
samples 1 and 2 originated from the same population witt 
and variance o'. Estimates of tiiesc parameters arc 

S -V. + 2 -v. ^ A',5?.-kA' ,.?. 

“ '~Nr^N, ^ N, -k Nt 

aV, -k PI, 


Nt+Nt-i 

(P’l J 4- A': ft) ’ 

V, rf 4- V, /: 4- S! + A'l.ti 
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16C.CompsuUon of means when o; o’ 

If o, and o, are known, ot + N,> 200, then 


and the test quotients 

d . d 


hsTe the tame limits as (iOta) 

If Oi and 0, are unknown, then the test quotients 

U U 

have thcMme hmits is(*fi>b)**, where 

"■1%+s; 

1 \ 

'• " *-/v. + (l-*)Vv. 

(v, and V| ate degrees of fteedom of r, and lespec* I 

N.tj+Mis 

UD.TestIng pair differences 


dilferenees is tested 

Let ^ ind £ be the methods to be eompared, A, —Bi » J, the 
difference between the results given by these methods with the 
obieet Nthe toealnumbet of objects A tampleofsizef^of alt 


16D because of the non-independent nature of the samples 


IfiE.Tests for two samples using the extreme range'* 

(a) Tra umpln >/ iht tamt JV'- Af'- JV g 20 
k '„ - rj and Xy -X* are the extreme ranges of these samples, 
the lest quotient is then 



(for limit see page 53, bottom left-hand table) 


otofthe same siae but larger than in (a). 

The samples ate divided respectively into m’ and iw" fandom 
subgroups of the same sue a (cf section 14A, page 170) Tbesum 
of sll the extreme ranges of these subgroups from both samples i« 
denoted by J* The test quotient is then 

C' _ fit'—'*,' 

—z J- ■ (•» - «'+<"*, for limit see page 49, (t|f) 

for .l«« page 48) 


17. The normally dlatrlbuied populatlon.-Testlnsaoveral 


Given are n samples of sues 
A’.. A'., .A/|. .N.. where 5* AT, -A' 

The sums of the individual values x are 
2^i.S-'fr. .2Iv„ wheteS ^'*'1 

The sums of the individual squares «' are 

J>J. . V vj, here 5 J>I - 


The sum* of squares calculated In accordance with (4f J)are 

.. , J,, where (d) 

The degrees of freedom are 

, AT, A/,-1, 1 

(symbolized by V,, V,, y,, v,,) I 

whe«L{A7,-l)-.JV-«-v-iv, J 

The means Jf,, S„ .... X, are defined by {4»1) (0 

and the varUnces /}, . , ;J, . . rj by (4?2) (g) 


17A.Tetting variances 

The hypothesis o! — oj o| •••••■■ o|l is tested by means 
of Bsmttyrt's test**. 

An estimate of the common vatunce o' is 

^ I -f. V and Af ftom (<79d, e and a) 1*21) 

where v, — A* — x J 


The test statistic for r' is 


2302d(vlogj*~£v,logr')/*, \ 

' . ) 

/• from (410. V, V| and rj from (420e and g) J 

where 

* „ 1 + ( 2 -^- -J-)/3('t-l),vandv.ftomC*:0e) W 


2 3026 V (log r* - (t/*) S log »« W W 

A-t-Kv + D/dv.seeCb) W) 


The significance limit for the test statistics (*l2a) and {412e) is 
found from the »• distribution with degrees of fteedom v - 1 


178 below 


17B.Testing means: Simple analysis of variance 
In testing the hypothesis Ui ” " • " l*i “ “ I'* 

lowing ubulation is first made (ef also (420)1' 




Degrets 



iquarei 

offreedom 


Vanance between 




the samples 

i. 

« - t 


Variances Within 
the samples 

Ji 

JV-n 


Total . ... 

Sj. ' 




whercJ.-2JV.{?.-lv)._£(|V.)'/N,-(|x)>(.)] 
J(from(*20d)] -St~S, (b) 1 

{djj 

(b)*ai>d*(e)* ** i’y means of the two iiientilics in (a), 


«niSS ‘h' dispersion of the sample rwans 

TiW* mean X r* the dispetsion of the individual 

* svouod the simple means If »U the samples originate from 
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iJic Mmc popiihiion, sothtt fi, r<s ixi -"a = |i„ « 4 (the 

liypotlicsis in the light of whicli the variances have been tested), 
then the variances /J and should be approximately of the same 
ijiapnitiidc. If they arc not, then among the samples arc some with 
discrepant means, in which ease si must be greater than /?. The ne- 
cessity of carrying out the appropriate test is thus avoided when 
s’, /{. 

The test ([uotient is rj/rf, limit pages '10-41; a ^ P ) , 
with si > s’,. { 

If the test quotient is smaller than the significance limit, then in 
accordance with (474) it can be assumed that all the samples origi- 
nate from the same population. The estimates of their mean ji. and 
I'.arancc a* arc 

.4! (<24 d) ; s' ^ (621), with V = P/ - « (626) 

ivich confidence and tolerance intervals constructed as described in 
;580)-(5B4). 

If the test quotient attains or exceeds the significance limit P, 
:hcn among the means there must be some of discrepant magni- 
udc. Various methods of analysing this situation have been pro- 
posed*’’. Here that of Duncan” will be used. 

The method Is dependent on a// sampUs Im'wg the sanse size Nt. 
The standard deviation of a mean is first calculated 


rj:| " ^ s'\hlt', r’ from (821) (627) 


The means SS, are now ranked 


S, < J?, <••■<-«?(<••• < .-fn; 
1 , 2 , ranks 0 



ind the n extreme ranges If’i corresponding to the degrees of frec- 

iom v, 5 , and the ranks O = 2, 3 n looked for in the table on 

(age SO. Multiplication of these by the standard deviation of a 
ncan rj. [cf. (627)] gives the extreme ranges of the means IP?,- 
iubtcaction of these from the means Si, gives the ‘localized cx- 
reme ranges’ The following conclusions can now be 

Irawn; 


The means falling in a ‘localized extreme range’ 5 ^, — IFy, 1 
annot be distinguished from each other significantly. f 

The means not distinguishable in (629) arc underscored in the 
irder of (628), -with the result that 


wo means mi underscored with a common line differ from 
inc another significantly (significance probability a of the 
able). 


<6J0) 


Example 39. Given ate 7 samples with the means Si, shown bc- 
aw. N„ = 5, Af==35, j-, = 0.099, v, =28. Significance probabil- 
j = 0.05. 

F rom (62 7) the estimated standard deviation of a mean is rjj 
= }<' 0.(199/5 Rs 0.140 7. The extreme ranges IF, and IF;, = x i;, 
re given in the table below. The differences Si, — IF;, ate then ul- 
ulated up to the point where the corresponding underscoring 
laches or passes the lowest mean. 

1 2 3 4 5 6 7 

1.34 1.36 1.48 1.62 1.74 1.88 2.04 

2.90 3.04 3.13 3.20 3.26 3.30 

0.408 0.428 0.440 0.450 0.45 9 0-464 

i.290 I. 4 I 1 1.576 

1.34 1.36 1.48 1.62 1.74 1.88 2.04 


7- 

==( 

I ^ 

S29) 


The final result is given by (630): 2.04 > 1.34 to 1.48; 1.88 >1.34 
a 1.36. 


S.The normally distributed population: Regressions of 
he first kind 


Discussion will be limited here to linear regression functions. 
The functional relationships between two or more variables arc 
,ftln mom dr less obscured by random influences. Thus the efiect 


of a dose of a drug, for example, will change in a certain way- 
dose is increased. The effect will never be an exact function < 
dos.agc, however, and even in the same subject will flui 
around a curve— the regression function~.\n a random manner. 1 
statistical methods it is possible to estimate the parameters c 
regression function and the required variances- 

Although in the above c]ciin]p)e the dose is ttal a rat 
variable, the effect it brings about is a random variable. In thii 
the regression is one of the first kind. In eases where both vari 
arc random variables the regression is one of the second kb 
regression of the second kind can be treated as a regression c 
first kind when the range of variation of the dependent varial 
well as the points at which it is measured are arbitrarily dec 
beforehand. 

In regressions of the first kind there is a single regression 
that ofy on x, which is used for calculations in both diicctii 
from y to X as well as from x to y. Cf. also section 19, page 

18A. Estimation of the parameters of the regression line i 
[cf. also (298)-(351)] 



Ungrouped samples, tan rariables 
Given are « pairs of observations -v, )‘. .v is the independent, r. 
random variable, y the dependent, random variable. 

Estimate T of the regression line I' 


T=/ + 6„-(-v~.\) (a) I 


where —y— b„zSi, withy and .s; calculated from (491), b„^ fre 
(632). 


Estimate b„x of the regression coefficient 



with si and S„ from (492) and (493). For s^y sec (633). b^s i® * 
tangent of the angle of inclination Pyi of the regression line 
Cf.also (299). 


Estimate Sx„ of the covariance 

S (x — Sf) {y — y) _ 

” n - 1 « - 1 


(63 


For see (634). 

The calculation of i'xy is facilitated by the use of the followin 
sums: 


=S(.v-.4:)(j'-i) 
= s.Nj 

= -S.vSj’/n 
[= Sz, (n - 1)1 


(^) ' 
(W 


(c) (614 


(-1) 

(A. 



Statistical Methods 


175 


nafe /J , of the residual variance oj , 

Z{Y~yy S,., 

*-2 «-2 



S, , and r* see (4M) and (7M) 



\ , IS the variance of^ when xis fixed. It is tmalhr than the van* 
! oJ. In very rare cases (with very small correlation or regies- 
. eoefficientsl we can hate 



d,, - 00181 /ol + -0105257,1,^,-0.32443 

' 96 / from (440a) 

Y - 5 257 + 1 817916 (v- 7.4) from (411a) 

- -8,1948 + 1 8179x from(411b) 



W Probit line of eumple 40 SI 64 T4 12 SO 

Acomparisonofrigutc 36 With Figure 30 (page 164) shows ihie 


-S.-il.S, (b) I (4M) 

-■ 1,(1 - r *) ( t )] 

and F, from (4W),J„ from (434), from (412); /‘from (IM) 
le remarks abote on (41Sb) apply also to (434c). 

■tunate /J , of the variance ej 


and rl from (4t3);F, and.I« from (443): « from (433) ;r* from 

M). The lematka above on (433b) apply also to (43Tb) 
itimate/l|,of the variance o^|, about the regtestioo tine 1 ’ for 
given value of x 

-i.-.:.n/. + («-wt.i 1 .,.2 Ml 

, from (4*3). /; , from (433), rj,, from (417) 

Special eases of (411) ate 
iiCimate /I of the variance s- of the mean j 
/J -/•,/*, V -e-2 (43T) 

Utimate ij,, of the variance oJ,, of ihe Imetcepi a 

) — -* w)'“" 

from (417). 


Etampli 40 Citen u the sample 


58 

62 


The_i values in this eiample eotrespond to the empirical probiis 
of example 31 in seetion IIF, page 163 

It follows that 
S — 7 4 from (471) 

S, — 9 6 from (471) 

i - 47 J2,'9 - 5 257 from (471) 

f, - 230651 -243793 - 31 853from(473) 

•v - 5,13-3931625, /,-19954from(4nb) 

5,, - 367 620 - 350 153 - 17 4S2 from (414) 

- 17452'9 6 - 1 8179l6from(431) 
t. . - 31 8530 - 31 7263 - 0 1267 from (414a otb) 
ij. - 01267,7 -0 0181./,, -0134S4 from (4Ma) 

'J,, - 00181, •96-000183542. />,.-0043421from(*17i> 
rj - 0013i;9 - 0 0020t.r,-0 044843froro(4»} 



Cnuptd lampiti, tara variahln 

Given are 1, 2, -4 points of measurement (columns) x, 

with»„0r,,.. observations /u x is the mdipiiJiil, "o"- 

random variable,/ the diptndinl, raniam variable. 
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(441) allows the following to be calculated: 

Column means 

j, « 'a (441 b)w, (442) 

Sums of the squares of the deviations of the individual column 
values from the column means 

Sy, « Sj'* - (Sj'O’M *= (*41 f) - (441 hyimt (443) 

Overall mean 


Estimated variances 

si ,l(n - ^) = (44»)/(„ ^ V = „ _ ^ 

/j = — 2) = (6S0)l(i; — 2); v — /fe — 2 

/I =(451); v = l 

/> = J J(„ _ 1) = (4s2)/(„ _ 1) ; V = „ _ 1 

■'i-z = — 2) = (6S4)l(n — 2); v = n — 2 


(455) 

(456) 

(457) 

(458) 

(459) 


The equation of the regression line T and the 
r» Jy* are obtained from (631), (437), 
by replaeing by (448), by (459) and 


estimated variances 
(438). (439) and (440) 
by (644). 


Example 41 . Given is the sample 


A‘ 

7 

8 

( ’ 


1.0 

2.0 

2.9 I 


1.4 

2.5 

3.2 1 

y 

2.0 

2.8 

3.4 1 


2.2 

3.1 

3.9 1 



3.7 

4.4 [ 



4.0 

j 

Si 

6.6/4 -t. 65 

18.1/6 =.3.015 

27.8/5-3.56 j 




from (642) j 

^yt 

11.8-10.89 = 0.91 

57.39 -54.601 5 = 2.788 3 

64.78-63.368- ! 




1.412 from (643) j 


y •= (Sj')/'* = (441 a)/(641 i) (444) 

Mean of the independent variables 
3? = (S .v)/« = (441 g)/(441 i) (445) 

Sums of the squares of the deviations of x from i? 

d'x = S - (2 xYln = (441 h) - (441 g)V(641 i) (444) 

Sums of products 

= S ay - 2 X 2>/« >= (641 d) - (641 g) (441 a)/(641 i) (647) 


degression coefficient 

byx = = (447)/(446) (448) 

lUms of the squares for variation within columns 

Ti = S = S (443) ) 

‘ * I lt.AO\ 

k 

= S S(T.i-j<)* 

urns of the squares of the deviations of the column means from 
be regression line Y 



d-, = 2 (2y,)’M - (2y)»/« - d-, 

= (641 c) - (641 a)»/(441 i) - (651) 

[ = I «< (i< - T,)'] 



n •= 15 from (641 i) 

y = 42.5/lS - 2.8d from (B44); x ■= (28 + 48 + 45)/lS - 8,05 from (645) 
Sx = (196 + 384 + 405) - (28 + 48 + 45)VI5 - 8.9i from (646) 

Sxy “ 46.2 + 144.8 + 160.2 — 8.06 x 42,5 “ 8.35 from (647) 
iyx = 8.35/8.93 » 0.936567164 from (648) 
d, - 0.91 +2.7883 + 1.412-5.1103 from (649) 

S, = 6.6V4 + 18,1V6 + 17.8V5 - 42.5V15 -dj - 0.607054728 from (650) 
dj - 0.936567164 x 8.35-7.835945272 from (651) 

Sy = 133.97 - 42.5V15 = 13.553 from (652) 

Check: 5.1103 +0.607054728 +7.835945272 - 13.553 from (653) 

di., = 5.1103 + 0.607055 = 5.717388 from (654) 

rj.i = 5.717388/13 -0.439799;/„.r-0.663173 from (659) 

“ O- 439799/8.93 = 0.049231 2; - 0.221 881 from (6373) 

y' = 2.83 + 0.936567 (X - 8.05) - - 4.721 64 + 0.936567 .v from (631) 
si — d,/12 — 0.425861 from (655); r| — d,/l from(656); r® -d3from(657) 



Fig-SS, Regression line of c.xamplc 41. 


s from (651) 

ums of the squares of the deviations of the regression line from 
le overall mean 


d-s =f'vx^xv=*5xd'. = d-JJd-, = (648)(647) = (648)«(646) 1 

r 1 ) (651) 

ums of the squares of the deviations of the individual values from 
1C overall mean 

= Sy’ - {^yYI’! = i‘)V(*4^ ') 

[=s(y„-i)'] 



heck: 

d’l-fd’j+ifjxxd^y 

ums of the squares of the residual variations 

+ d-, = d-, - J-, = (649) + (650) = (652) - (651) 


(653) 

(654) 


ISB.Tcsting the linearity of the regression function 

With mgroiipiii samples, gcncr.il departure from linearity of the 
regression function can be tested only by eye. The devi.itions 
Ti — _)'i should give an impression of randomness and not show 
any systematic trend (cf. for example Fig. 29 [systematic deviations j 
with Fig.30, right [apparently random deviations], on page 164). 

With grouped samples an exact test is possible, namely by com- 
paring the variance of the column means about the regression line 
with the variance within the columns. 

Test quotient: 

sljsl = (6S6)/(655); significance limit F | ^ | (4*°' 

(2P = 2«, table on pages 40 and 41 [v, of the table -= v, of the test 
quotient]) 

If the test quotient allains or exceeds the significance limit, then 
the regression function is quite possibly nonlinear (significance 
probability 2a = IP). If the test quotient is sm.sUer than the signih- 
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^Teitlng the regression coefficient against zero 
f the linearity of the regression function is not disprOTCd by the 


sigtuficance limit t,2P — 2a, 
» — h“— 2, pages 32-3S 


, from (»M) or (t4*), 


i ji tigmfiesnee limit I', 
- 2^, M - n - 2, page 42 


\,-Vm ««> 


CmfiJmct JutUt 

*,.±/r.%,!'’“"-2S200 1 

»„±!e.I/4/''“"-2>200) 

For I'lx: 

i+*„(ae-S)±/..r,|.;v-»-2S20Oj 

iTwT (4*7) 

(<48) 


±!e.| /»vl 

For n,‘ v = « — 2S 200 1 

i±Y.\'>- V — -2>2m)'>' 

Fbrrt,. e,.±/., v»=jr-2S200 
e.-.±k.I/.„. v = »-2>200 
(444) IS a hyperbola (cf Fig 39) 


(441) 


,,(ignificancelimitni>U,('ssm(441a) (b) ) 

( ith ungtouped samples, h is obtained from (411) and (4)4), 
uh grouped samples from (4St} /! , is obtained from (4)$) or 

»)] 

t( the eottthtion coefficient r hat been caUuUted (cf section 
9A, page 179), then 

«hen S' — 0, It follows that b,, (and b,^) • 0 (44)) 

ndciceyecsa The hypothesis b^, xOean be tested usmgr Sig> 
iiReanee limit for Irl, see page 61, v •• n — 2 

If my of the lest statistics in (44t)-(44)) steams or exceeds the 
orreiponding signiAanee limit, then b,, diffen sigflificantty from 
tto The ibove tests are special cases of (444a) for b„ •• 0 



Fn39 ConMence and tolersnce limits for the rejmnon of ^gurtsg 

CoAlidmM limiti for 1' ToIerani.e limits for )' Tt Tolea»„„ 

•ntcttslfor F|v reTpIennce imerril for Aly 

Tfltraiut hmittfor 1’] x 

4,. from (4))) ©t (448) 1 


, rmF-b (X - S)'}S, . H^n-2 (•) 

- S.i^O + 1/") J.+ {>f - *)’. V - « - 2 (« J 

S, from (4»)) or (444), r, . - J'(4)S) of 
I8F Estimation of x when is given 


Test quotients (absolute values should be used) 

V - » - 2, ^l„-i'(4J7) 

()■ X -V x)lfry,. y - « - 2, J-n. “1^(«87 
(i-W,)/r;. '>-1-2. tj 

-2. /.„-V(Moj' (d)J 

Exdmf/i-43 [of {444i)J Comparison between she regression 


CmtfiJtm* hmsisfer ihi txpttUJ valxt tf x,imnj [solution from [gggj 
forx] 


) (444) 


^ I (472) 

± it.) ]/ (> W (1 - k» S, + (Jl -})' ] 

where focungrouped samples),, and J, are obtained ftom(4)2j j^d 
(4f)). for grouped samples from (448) and (444) 


IJ.71-nij3 -2,„ 

0 04342 

The corresponding iignilicance linue/,,., „, page 32, is 2 364 6 
The two repression coerticients. and therefore the repression tines, 
thus differ tipnificantly 

18E. Confidence and tolerance limits 

Here only the formulae foe the two-iided limits will be given, 
and these m the form of ‘estimate i G' (estimate minus C"» lower 


where rj^, - (4)7) 

If A* a 0 05, then 1 — can be taken as 1 in (47)) 
TattriK, hmuftr x \f (solution from (44t) for x] 


(47s) 


Examph41 Inerampic 40, it is requited to calculatexfotv » 
andlhecorieipondmp confidence and tolerance limits .x|j ^ 7 ^ 
5 - 5 257 _ 

1 817916"' 
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Confidence Jiniils: >4* h first cnlculatcd from (i73), giving 


- fg 17916 


0.003190;/: -0.05648 


is less than 0.05, so that 1 — /• can be taken as 1 in (672). For 
purposes of comparison, however, (672) is calculated with both 
values; 



Confidence limits 

Tolerance limits 

- 1 

7.2582 ±0.0589 

7.2582 ± 0.5534 


"7.1993 to 7.3171 

- 6.7048 to 7.81 16 

k* - 0.996810 

7.2577 ±0.059 0 

7.2577 ±0.5545 


" 7.1987 to 7.3167 

-6.7032 to 7.8122 


from (672) 

from (674) 


18G. Comparison of two regression lines of the first kind 


The estimate ofthc common residua! variance af, . 

ditions of (67Sa) arc fulfilled is 


when 


JJ.r'a (<78): V = Hi + H, — 4 




l/-5-x,+ l/d'x. 


Ill + Hj - 3 


= Hi + 

Hs —3 


The estimate of the common regression coefficient h. 
the conditions of (67Sa) arc fulfilled is 


F, 

H^x . — r 

Jr, -I- Ji. 

The estimate x| ^of the variance tj| of the common reg 
coefficient when the conditions of (675 afate fulfilled is 


r3 ^ C878) 

+ J’j.j 


: V 


= «i 4- H. — 4 


w 


Given arc the following ungtouped and grouped samples 
J’)i and(.v,j’), 

'vith Hi and Hj pairs of observations 



and Si 

Si 

andj. 


and 

^vi 

and Sy^ 

(.Sxd)i 

and (SjD)i 

(Sd.x)i 

and (Sy.y), 

(.tv*x)l 

and (ri.i), 

{bySli = bi 

and (byx). 

Yi 

and Vi 


from (491) or (645) 
from (491) or (644) 
from (493) or (646) 
from (493) or (652) 
from (634) or (647) 
from (636) or (654) 
from (635) or (659) 
from (632) or (648) 
from (631) 


In analogy with section 16 (page 172), the following hypotheses 
must be considered in comparing two linear regressions: 



The two lines may be considered as idimUal [hypothesis (6 
when the test quotient 

I — ^ [ V = H, + H. — 4, when = K^7 a) ) 6 = (686)1 
rS-5 ’ I V = H, + H. - 3, whenrS-s = K(687b) /i- (683)J 
is smaller than the significance limit / (2 P = 2a, pages 32-3 

b - h - ji 

Si - S, 






where K = (688) 


= (682) X K 
K 

(Si-x.y[i,i II J 


(a) 

(b) 


Tx, + Ti, 


The two parallel regression lines do not coincide [hypot 
(675 a d)] when the test quotient (685) attains or r.vrffdrthe sij 
cance limit. In this case the vertical and horizontal distances p, 
px are often of interest. 

The vertical distance p„ and its confidence limits, when the 
ditions of (675 a d) arc fulfilled, arc 

Pd ” IJ'i Si "i^yx (-^1 'Vs) I ; *= (683) i 


The hypothesis (aj,i)i = (aj.i): is tested by means of the quotient 

(^5.i)i . f sienificance limit F; 1 f vi = Hi — 2 [ pages ^*77^ 

-(;^’i2P=2a: 21’ 40and4l' 

where the greater of the variances is given the index 1. 

If the test quotient (677) is smaller than the significance limit, then 
(678)~(693) are valid; if the quotient attains or exceeds the signifi- 
cance limit, then (694)-(701) arc valid. 

If the test quotient (677) is smaller than the significance limit, 
then it is reasonable to assume that (oJ.i)i = (oJ,x)s. The common 
variancco J.iof the two regression lines can then be estimated under 
the condition of (675) as 

^ i£vx)i -h (Ty.x). _ 4 (478) 

Hi -f Hi - 4 

(678) is used to test the hypothesis (67Sa), i.c., bi = h. The test 
quotient for the difference between the two regression coefficients 
under the conditions of (675) is 


^ ; significance limit /; 2P = 2a; 

^oi. 


where r),,, = 




VI = H, -p H, — 4 


(679) 

(680) 


If the test quotient (679) is smaller than the significance limit, then 
(681)-(693) arc valid. If the quotient attains or ececeeds the signifi- 
cance limit, then the regression lines ate not parallel, i.c., 6. s* 6,. 
In other words. 


if the test quotient (679) is smaller than the significance \ 
• - lines may be regarded .as } 


*.l.» «.7VTi^ r/»fyrr^<;ton 


(681) 


Confidence limits for Py ^ 


!=« (689) ± 

tj (684a) xl(i/ni -f 1 /hO (J,, -h ir7i)T(.5.'^)^]‘ 


(a) 


where v, = n, -f Hj — 4 

( 

= (689) 4 : 

/,.i^(«4b)T0/;;r+i7^^^ J 

where v, = h, -j- Hj — 3 

The hori-onta! distance py and its confidence limits, when the c 
ditions of (675a d) arc fulfilled, arc 


px = I I ; hx from (683) ft 

1 i\z 

Confidence limits for p^ 



where byi = (683) and either k = = (693 a) or k — ki = (693 

The approximation sign is for /•=/:,, the equality sign for k = 

k\ ] ^ tSx4 ,, _ r 4,, =- V, - n, + Hi - 4 (X) j 

klj (KxY ’I “ 684b;v, = H, -fH, -3 (W J 

When k g 0.05, the term 1 - /:» in (692) can be taken as 1. 
If the test quotient (677) attains or exceeds the signific.ancc Hm 
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ypothesis(*7<a),that i, «* i,. is then tested by means ofthequ®" 
int (*7*), where 

, (rJA 

S., 

egtees of fteedom v, = (*lTb) 


with k - 




(b) 


Regressions of the second kind are distinguished from those ol 
the fine kind by the existence of ivo regression lines 

X~s + k^ij-j) {b)j 




ignificance limit with v, from (*17b) and k from (*Mb) 

If the test quotient (47*) fitted to (4*4) is jwatfrr than the signi®" 
mee limit, then it can be assumed that bi — i, The common f^ 
tession coefficient is then 

(^.,). , (•?»). 

^ MJ. 

vith the estimated variance 

, 1 


Estimates of the parameters of (701) and their varunces are made 
by means of the appropriate formulae in section 18 In estimating 
the parameters of (701b), x »ndy in these fotmulae must be trans- 
posed 

19A.The correlation coefficient 
A further parameter of regressions of the second kind is the 


*” S., S., 

oT.iT * "wTiT 

Provided that the sample sixes »i and »ii are largt, the hypoihe^ 
[474 a e) that the two parallel regression lines are idn/ual can “* 
tested approximately by means of the quotient (444). where 

1 - ( 111 ) 

,1, ! — fMjk+.«j)i+(.M)l »>» 

“ (S.-SO' I ». ■. 1 

Significance limit I <« I , page 23 


VC hen the correlation coefficient is less than, equal to, or 1 
greater than zero, the two regression coefficients A,, and [ C703] 
4,„ ate bkewise less than, equal to, or greater than zero J 

The following relationships are valid for the correlation coeffi* 


the rrrnre/ distance is 
p,- (41*), where i„-(4»J) 
«uh confidence limits 


wC4M)±lf, -f + («.-«.)• *(«»*) 

(TM> 


and for ns estimate i (704) 

f « . A.*" and from (4*1), \ /w 

't’w VS.Sf J,»ftom(414) J J 

The square of the correlation coefficient r* is also known as the 
coefficient (or index) of determination 

Trom (704) it fellows that 


the Wi^oe/j/ distance is 
p, -(**1), where i,. - (4*S) 
with confidence limits 

- - . ± X , 


'a -]!'’■ 




From (11$) ittheierore follows that the correlation coefficient is 
also the pamtirical mtan of the two regression coefficients 4,, and 

Under the hypothesis r-0 when "-»■ e®, the correlation coeffi- 
cient IS asymptotically related to the Student distribution On the 
other hand, 

y(«-2) 


I*' - .r.. page23,f:-x*. '1-1. 1 - 2», pige 36- 

K. - (*»$)) 

When * S 0 05. the term 1 - .t* in (701) can be taken as 1 
rrsi.ta^J hg,! nptmoa, 

W iih appropriate modifications, many of the formube giveij. 
section 18 can be applied to probit and logit regressions 7°* 
further details the reader is referred to the literature 
Prohii regression” tables on pages 54 and 55 
Logit regfession»». tables on pages 56 and 57 

1*.The bivariate normal distribution: Rearetslonz ot 4^* 
second kind 

(Cf introduction to section 18, psge 174) 

Given are « pairs of ob«erTations >,/ Both at and/aterarr^"** 
normally distributed variables 


The hypothesis can therefore be tested by means of the quotient 


rl^(a-2)' 


I /i» for n S 202 (a) 1 
1 1 r, 1 for rr > 202 (b) j 


troeyooes iwt need to be calculated for v S 200 since the sienili- 
Mnce limits for r can be taken directly from the table on pag?61 
They arc based on the following formula identical with (707a) 
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)f the test statistics from (70<) or (708) atiain or rxwrfthc corre- 
sponUiiiK significance limits, then the correlation coefficient and 
the t\vo regression coefficients dlfftr significantly from xcro. If 
r y* 0, then the distribution of the sample correlation coefficient r 
is complicated in form. However, its distribution can be approxi- 
mately normalized by means of R. A.Fisiier-s ij-trnnsformatbn, as 
lol OWfi! ' 


■ tnnh"' r »■. Yi ffi 


and 


1 -1- r 

1 -7 


• tanh r 


(It _ 1 


(a) 


(b) 


(709) 


(U 3 

Cf. also Hyperbolic functions, page 140. Tables for (709a) arc to 
be found on page 62 and for (709 b) on pages 64 and 65. 

The variance of ;t; (2 variables x,y) is 

oj 1 — 5 ; cf. aiso page 62 (710) 

// — 3 


k 

2 {.»! — 3) significance limit x*; l/r <= 

' pages 36-39 

Zi and a: from (709,i) and (711 a). 

If the hypothetical value is unknown, then its es 

S («i - 3) Zt 
_ 1 

-T 

S(«,-3) 

t 

■with variance 


i:(«i-3) 

i 

Testing the hypothesis i*, = i*, = . . . = = r is 

by means of the test statistic 

It 

2 ("i - 3) (Zi - 5 -': significance limit x*; l/r = 2 
‘ Vj, = .fe — 1 ; pages 36-39 


The expectation c of ^ is 

= sa tanh-' r (a) 

(711b) can as a rule be neglected (see below). 

The following is derived from (709)-(711): 

Tesliiig the Jtfftreiice belii'ecn an tsiimale r and a hypothiUcal correlalioii 
cotfficient v 

Test quotient 

[5. — fill 

= I — 3; ^and z from (709a) and (711a) (712) 

Significance limit | r* |, page 28, or <•,„ page 31, lower table. 

If the test quotient (712) is smallir than the significance limit, then 
thete is no evidence that the population correlation coefficient dif- 
fers from V. 

Cmfiitnce limit: far 1 ' 

Prob panh^y — — tanh^f + j ^ ^ ~3°= 



If the test statistic (721) is smaller than the significar 
it can be assumed that »•, = »•, = ..• = = T‘. The cst 

common correlation coefficient r is then approximat 

r as tanh (^ — e tanh 0 
where z is from (719) and 



22 ('k- 3) 


The confidtme limits for the common correlation cocl 
then approximately 

Prob [tanh (z — a tanh ^ — J fn| oj) S r S 
£ tanh (? — a tanh ^ + ) Cal Oi)] « 1 — 2a 

Z from (719), a from (723), Oj= 1^(720), and significanc 
page 28. 

Examples, section 19A 

Example 45. Given arc r = 0.322 3, n = 34. Docs r diffc 
(2 a = 0.05)? Since v = 32 and the corresponding limir ( 
0.338 8, the hypothesis r = 0 cannot be rejected. 

Example 46. Given arc r — 0.613, n ~ 42. Required a 
confidence limits for 


I ^a.\ 

Values for — — — fori — 2a = 0.95 and 0.99 arc given on page 63. 
Kn-3 

Comparison of two correlation coefficients Vi and I'j 

Testing the hypothesis i', = on the basis of the estimates r, 
and ri is effected by means of the follo'wing quotient; 


Z = 0.11311 (page 62) 
r„Oj = 0.313 85 (page 63) 

Z ± c^a, — 0.400 to 1.027 
whence Prob (0.380 g i' g 0.773) = 0.95 
page 64 page 64 


I ^ 1 



+ 


1 

«2 — 3 


; significance limit ( r* (, page 28, 
or page 31 


(714) 


If the test quotient (714) is smaller than the significance limit, then 
it can be assumed that I'l = J’j.Thc estimate of the common corre- 
lation coefficient is then 


r = tanh z = tanh 


(ill - 3) ;t:i -f (ill - 3) z^ 
111 +»! — 6 


(715) 


and o| = • 


i (714) 

«i + Hj — 6 

The confidence limits for the common correlation coefficient arc 

Probltanh(?-ir.|aj)g»’^tanh(^+ir.lo;)] ^ 

= 1 — 2a; where oy = 7(714) 


Comparison of several correlation coefficients 

Given arc k estimates r„ ., r„ from k bivariate samples 


Example 4 7 


Given arc [ whence are obtained 


r, 

"I 


»! — 3 


0.555 

12 

0.62558 

9 


0.590 

20 

0.67767 

17 


0.670 

15 

0.81074 

12 


0.621 

9 

0.72663 

6 


0.733 

26 

0.93518 

23 


0.800 

13 

1.09861 

10 




page 62 




Z = 63.73451/77 = 0.828 [from (719)]; tanh;; = 0.67! 
X’ = 1.815; V = 6 - 1 =5 [from (721)] page 

The 0.05 significance limit for x'. v = 5, is 1 1 .07 (p.igc 36) 
it follows that the hypothesis = I'j = »' canr 

jeeted. 

a = 5.073 4/154 = 0.0329 [from (723)] 
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S, and S ^ arc from («3), from (634). r from (704). Calculation 

15 facilitated by usinR the relationship 


Comparison of a bivariate sample having means J and with an 
tudepiiiilriit pair of observations .v, j*. that is to say, testing the hy- 
pothesis that (.v,^') come from the same (normal) population (5?, J), 
is made by means of the test statistic 


I! (« —2) 

2 (r7-n)(l - 7>) ' ^ 

, O-yY 


s. 




2 (^‘ ~~ (y ~ J) 




(733) 


Significance limits, degrees of freedom, etc. arc all as in (732). 
(733) is a special ease of (734) with n, ■:= 1. 


Simi/Ilaneoiii comparison of the means of iao bivariate samples 
j)) and (.■<■,>)», that is to say, testing the hypothesis (pj,, = | 

Px, Px,). is made by means of the following test statistic »'/;?;/ 


-I- Hi - 3 ) f ( 5 ?! - S? .)» 

'2(«,.)-«0(l -r>)' 

, 0~1 ~ S^' _ 2 [(-fx v)! -h (-fx !))! ] (Si — 5?>) (J'l — J't) I 
dy, H-'fj). (■5'l, + .^Ij) (i'y, + i'v,) ( 

where 

r> - - : for calculation cf. (732) (73S) 

(Ux, + Ox,) (Uv, + Uy,) 


Significance limit P «= a; Vi = 2, Vj = /n — 3 ; pages 40 and 41. 
Otherwise as in (732). 


Approximate tests, preliminary to (734), can be made as follows: 

Testing the hypothesis aj, = a%^ and oj,, = from (60S) 

Testing the hypothesis = r, from (714) 

For further discussion of tests of the above hypotheses sec Pear- 
son and WitKS^®. 


19D. Confidence and tolerance limits 

100 (! — «)% confidence and tolerance limits arc calculated by 
means of the formulae below on the basis of the estimates x, y, 
S^, Xy, Tjy of a two-dimensional sample, and arc obtained 
from (632) and (637), b^y and likewise but with x and y trans- 
posed. Degrees of freedom ofP: v, — 2, V, = « — 2; 1 — a = 1 — -P; 
pages 40-41. 

Confidence limits 

ny(irx=y+i^yx(trx-^)±ry K2/y“/t/^^(7^^2)0l7^ (a)| 

> (736) 

\x^\\>-y=X-\-b^y{\Ly-y)±st^^ K 2FSyln-(n-2) (Uy-i)' (b) | 

(736 a) and (736 b) are identical confidence ellipses. 

Tolerance limits 
Y]x^y 

± s,^^ 1^2^r+l)>J-^/« - (« - 2) (N 

X\y — ^ + biy(y ~y) ± 

± V 2(7+1)PT>^^^ 

(737 a) and (737 b) arc identical tolerance ellipses (see below). 

The slopes of the main axes A',, Tc of the ellipses defined by (7^) 
and (737) respectively, the so-called orthogonal regression cocm- 


cients, are 



(?) 

(b) 


(737) 


where 

^ f = P!” (d ~ 2) for confidence ellipse (736) ( 

I “ -f^(" + f )/« (" — 2) for tolerance ellipse (737) (I 

Construetion of ellipses 

Rapid method; Calculation from (738) and (739) and 
tion from (315). 

Exact method; From (736) or (737a) and/or (737b) in 
tion with (738) and (739), according to the accuracy reqt 
The equations of tangents to the confidence or tolerani 
parallel to the coordinate axes arc; 

Horizontal tangents;/ =/ ± 

Abscissae of the points of contact ; a; = <f ± 

Vertical tangents ; a; = Sc ± \^k 
Ordinates of the points of contact :/ =/ i i'yx \^k 

where 

= 2 Fjn (« — 2) for confidence ellipse (736) (,i) 

— ZF(ii+ I)/« (« — 2) for tolerance ellipse (737) (b) 

The lengths of the sides of the rectangle formed by these 
which circumscribes the ellipse arc; 

Horizontal sides 

4 = 2|/:u7 

Vertical sides 
/y = 2l^ 
where k = (742) 



Example 49. Given is the bivariate sample (Figs. 40 and 


.V 

y ; 

1 

/ 

->■ ; 

.V 

y 


2.6 

2.3 ] 

4.2 

2.7 1 

6.0 

5.2 

i 7.5 

3.0 

3.5 

4.5 

5.5 

6.5 

6.0 

i 8.0 

3.0 

4.0 

4.7 

5.7 ! 

6.5 

8.0 

i 8.0 

3.5 

3.5 1 

5.5 

4.5 1 

7.0 

6.0 

' 8.0 

3.8 

4.5 1 

5.7 

5.7 : 

7.0 

7.0 ! 

10.0 


(a) The parameters arc estimated. 

(b) Using the formulae for the regression lines I'and A', : 
orthogonal regression lines and xV,, for the tolerance clli] 
Y ! .V or A' !/, and for the horizontal and vertical tangents 
latter, the lengths of the sides of the rectangle formed by tl 
gents and the lengths of the semi-.ixcs of the ellipse arc cala 

(c) For purposes of comparison, the tolerance limits for 
and A' 1/ arc calculated using the appropriate formulae fo 
gression of the first kind. 

(d) A comparison is made of the tolerance limits for 1' | 
-Y !/ of regressions of the second .and first kind with .v = . 
/=/. 

(e) a? and / are compared. 


(a) Estimates of parameters 


.5? = 115.0/20 « 5.75 
=740.92 -5.75 X 115 
= 79.67 


/ = 111.3/20 - 5.565 
Sy =679.39 - 5.565 .v 11 
= 60.0055 


4=79.67/19 = 4.193158 ' r> = 60.0055/19 = 3.1 58 1 

Sy =2.04772 ty = 1.77713 

Syy = 700.90 - 5.75 x 111.3 = 60.925 from (634) 

Syy = 60.925/19 = 3.206579 

r* = 60.925* (79.67 x 60.0055) = 0.776435 170) = (70 
1-r* = 0.223564830 

r =0.881155 

byy = 60.925/79.67 = 0.764 7 1 7 0 from (631) 
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- (60 0055 - 79 67)/(2 x 60.925) 

± Vl +(-6.161382848)* - 0.851 56 and 
- 1.17432 from (7J8) 

>60 0055 X 0 22356483 > 13 4151194 from ((Me) 

- 13.4151194/18 > 0 745284411 from ((Ma) 

- 0 745284411/79 67 - 0 009354643 from (417») 
-0.0967224 

-79 67 X 0 22356483 - 17 8114100 from («(«)• 

- 17.8114100/18 -0989522777 from (4Wa)* 

- 0989522777/60 0055 - 0 01649053 from (4W»)* 
-0123416 


) Fonnulie 


-5 565 + 0 7647(x-5 75)-1.1679 + 07647xfrom(I«a) 
• - 5.75 + 1.0153 (>- 5 565)- 0 0997+1 0153^ from(?Wb) 
-j+ t. (x-X) -0 6685 +0.85t6x 
■,:>-J--|-(x-S) - 12 317 - 1.1743X 


rmt iWpu [F, „(2. 18)- 3 55, page 40] 
erance limits for 1' | x 
« 5 565 + 0 7647 (x - 5 75) ±0 09672 x 
593 94 - 18 (x - 5 75)' from (717a) 
lerancc limits for 

• S75 + 10153Or- 5 56 5) ± 0 12842 x 
'447,34 - 18 (jr- 5 565)' from aJ’b) 


rizontal tangents and abscissae of the points of contact 


' - 5 565 ±4 99 -0 58 and 10 55 
r-57S ± 5 06 -0 69 and 10 81 


from (74ta) and (741b) 


Vertical tangents x and ordinates of the points of contact 

<- 575 ± 574 -001 andll49 1 , 

» - 5 565 ±439 - 1 ISand 996 ( (74« h) (741b) 


ngths of the sides of the tcsulting rectangle 

Hotiaontal sides A- 11.48 1 - , 

Venieal sides /. - 9 98 | 



• ^irh jf tni j trtn«powJ 


(e) Toleiance limits for 1’ | x and A' | y calculated from the forn^y. 
laefota regression of the liist kind (/,«.» 2 1009, page 32) 

r|x = 5 565 + 0 7647(v-5 7S)±0 2032 x 
V 83 6535 +(x- 5.75)' from (((») 

A:|jr-5 75 + 14070ty-5 565) ±0 3739 x 
K4S 46S9 + (/-5 565}' from (474) 


(d) Tolerance limits for l'| x and A'|jr, with x = S and J' ■>. 
calculated from the formulae for 

Regression of second kind Regression of first kinq 
T I S 5.565 ± 2 3572 from (7J7a) 5 565 ± 1 8585 from ((4,) 

Ar|/57S ±2 7161from(7J7b) 575 ± 2 521 3 from (<74) 


(e) Comparison of i?and/(r,. 

575-5565 

^4 1932 + 3 1582 - 2 x 3 2066 


~2 09) 

-0191 from (731) 


The test sutistic is smaller than the significance limit, so that 
hypothesis S — _f cannot be tejeeted 



Fn 4/ iUgKstion line of ji on x, eumple 49 Tolerance limits ealeuA^gj 
(ion the foitnuUe for • regression of the'Arst kind (hyperbotse) end seck.a 
kind (eUipse) 


ZO.Tho binomial diatiibution 
(Cf also section 5, page 148) 

20A. General 


/(x) - i*. - j,’ q X.Z 

St here 0 S 1> £ 1 and v — 1 — jr 

indiTidual probabilities P, of (744) correspond to ti , ici 
of the binomial senes deTcloped from (y +;,)'' (cf. (tis)j On 
binomial coefficient cf (iOO)-(los), page 136 

From (744) follow the recursion formulae 






i> , iV-.v 


jr% X --- X 


9 -v + 1 
Q 


p jV-.sH-l 


{») 

(b) 


(74S) 


EsampU 50. Cnlculatc nil the 
» »- 0.3 ,nnd 7. 


individual probabilities jt% for 


Calculations are made from (74Sa) starting fromx= 0.plq.= 3 j 7 , 



- 0.0823543 


X ~ X -J « J:\ X y 0.2470629 

r, r.. i>, X — X 4 " ■*'*> ^ 0.3176523 
12 14 

■**> " J*. X -y X -j X y « 0.2268945 


o| = Npq = /yii j = expectation of (750) x ■ 

N-1 

For any given sample size N (A^ trials) the variance ol 
nomial distribution is greatest when J> = 0.5. least when J 
(7 ■= 0 . 

Xhe best estimate of 2^ from a sample of size iV in wl 
event E occurs x times is 

p = x/N 

The following arc derived from (74«)-(748) : 

Estimate of u-x 
X — Np = X 
Estimate of oi 

s‘^Npg= — 

^ N 

The mean and variance of the rclativt frequency x/N ate 


A study of the series 21/7, 18/14, 15/21 at once reveals the 
igular manner in which the numerators and denominators of the 
icursion factors decrease and increase respectively. The further 
ctors for calculating jf*,, i*,. can therefore be assumed to be 
2/28, 9/35, 6/42 and 3/49, giving 

Jt\ - 0.0972405 
Jt*. = 0.0250047 
i\ .= 0.0035721 
jP, 0.0002187 

Check; S -iF,, = 1 

Q 

The individual probabilities for A7 = 1, 2, .... 99, 100 and 
= 0.01, 0.02, . . ., 0.49, 0.50 can be obtained in a different matmer 
ing the tables on pages 70-77 (logarithms of binomial coeflfi- 
:nts) and 78-84 (logarithms of powers of 3> and <7). 

Examph 51. Calculate JP, for 2> = 0.3 and Af = 7. 

log Q =0.84510 (page 70) 

logJP = 0.47712 - 1 (page 82) 
logq« =0.07059 - 1 (page 82) 
logi*! = 1.39281 - 2 = 0.3928 - 1 
A = 0.2471 (page 11) 

For binomial coefficients with N > 100 see under ‘Binomial Co- 
icients’, page 136. For calculating powers ofl> and q, logarithms 
th 7 or more places should be used*. 

The binomial distribution is a discrele distribution. It is symmtlri- 
when iJ = 0.5, asymmetrical when 2* ^ 0.5. 



^^2. Binomial distribution. Af“20. =>0.1, 0.25 and 0.5. 


V-ijN —2* — expectation of (748) 

2*et . , N 

ol/jv = -r;- = expectation of (753) x 

N N-\ 

The corresponding estimates arc 

for the mean = (748) 

for the variance; rj => ~ = _1_ si 

N Ar« N‘ 

Example 52. In 64 trials the event x occurs 6 times. Estima 
si and rj. 

p = 6/64 = 0.09375 from (748) 

si = 0.09375 X 58 = 5.4375 from (750) 

rj = 5.437 5/64* = 0.001 327515 from (753) 


20 C. Cumulative probabilities of the binomial distributio 

The calculation of cumulative probabilities in discrete disti 
tions has been dealt with fully in section 5 (page 149). Here si 
practical applications are indicated. 

Let 2> .be the probability of the event E, q that of the ei 
non-E'. JP, is defined in (744). 


The probability that the event E 


- will occur exactly x = ^ times is given by (370) (a) 

- will not occur exactly x — k times is given by (371) (b) 


- will occur at the most or less than -v = k times 
is given by (372) 

- will occur at least or more than .v = k times 
is given by (373) 


(c) 
} (d) 


- will occur at least .V = it times but at the most x = s 
times (it < s) is given by (374) 


(1) 


- will occur less than x=> k times or more than .v = r | _ I 
times (it</) is given by (375) I 


0 


Examples of the calculation of probabilities of this kind arc gi\ 
in section 5, page 150. The following is an additional example. 


Example 55. Let 2> be the probabilitj- of the occurrence of 
event E in a population. What size N must .a sample have if t 
probability that the event E occurs at least once is p*.? 

From (754 d) and (373) it follows that 
Prob (x- 1 ) = E i‘x (from 373 b) 


3. Parameters of the binomial distribution 

^s shown by (744), the binomial distribution is fully charactcr- 
d by the probability and the number of trials N, so that it can 
represented by the expression ‘binomial distribution fp; N)’. 
mean and variance arc respectively 

a.. = Njt = expectation of (749) (744) 

^ ^ si 

■ Tables affix) and the cumulative distribution S/M for At- 2, 3 49 

I p - 0.01, 0.02, ..., 0.5 are to be found in the literature 


= 1-/', (from 373 a) 

In accordance with (744), JT’, = q-"^, whence 


p*. 

that is, N • 


1 - qv 
, *2.? (^ ~ i’*) 

logq 


logo :^b*) 

log(l -i») 


(7S: 


Application. Let the probability of throwing a six with a d 
be 1/6. How many throws must be made in order to throw a si 
at least once with a probability p* 0.99.^ 
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From (TSS) 

N loga-099) logOOl -2 

log(l-l/6) Jog5/6 -00792 

I( follows that 26 throws must be made in order that, with a proba* 
bility p* SO 99, It least one six will be thrown (with 25 throws p* 
would be a little under 0 99) 

20D.The binomial and the normal distribution 
As shown by Figure 42, with J> — W, the binomial dtsinbuiion 
closely resembles the normal distribution even with fiirfy tmall 
utnples. This is not the case with more extreme values of p 
(cf. j» -0.1). As shown by Figure 43, however, with incicastng 
sample size the binomial distiibution approximates to the normal 
distfibution even with more extreme values of Ji In other words 
Vi'ith increasing sample size N the binomia l distri bution (j», N) 
tends toward the normal distribution ViVj* d) The closer 
lies to 0 5, the greater is this tendency' 


(Jit) 


0 


. |-ii.r'p)V<rrp9 




tp — — P ^ — ^^^;(forfseepage28,right-handtable) 

Xp — JVl» — Vt-i-tpVNpq ; (for r see page 28, (7#*) 

left-hand table) 

From the definitions 

Piob(jf Sxp.) — 1 — Proh(x gxp. — 1) = p* 

Pcob(rSr..p.)“ “P* 

It follows from (740) and (741) that 
Xp.-K-JVj> 


Tnm 


(for t see page 28, 
right-hand table) 


ifp. — Np -h K 4- f,-p. I' Np fj , (for t sec page 28, 
left-hand table) 


(741) 

(741) 


UnNpq 

aiAf-*co 

Vvith btge sample aizes N, in accordance with the definitions 
Ptob (x S Xp) - S “ *> 

Prob (r Si fp) — / of the standardized normal distribution 
It follows from (7S4) that 

Prob (x S Xp) ••Ptob (c S fp) (7$7) 


£x<t0i^ 54. Given the binomial distribution (i» — 0 l,iV— 4i)), 
calculate the probabilities Prob (xS3) — p and Prob (v g 6) P* 
using the approximate formulae (740)-(74J) 


35-4 


. - 0 264 [from (740)) 


- 0 791 [from (741)] 


p — 0 396 ^y linear interpolation in right-hand table, page ?8) 

55-4 

C-p. - ^ 

l-p«-0786 
p* -0214 

The eaact values of p and p •, rounded off to 3 decimal places, ttt 
0423and0206 

ExamphSS. For the bmomial distribution of example 54, e*l' 
cuJate Xp for p — 0 1 and Xp. for p* — 0 05 using the approxim*** 
formulae (740)-(74}} 

t, - -12816 1 

} page 28, left-hand table 
e,.p.- 16449 J 

Xp - 3 5 - 1 281 6 1^6 - 1 07 [from (741)] 

Xp. - 4 5 -H 6449 y 36 - 7 62 [from (74J)] 

Since xmust be a whole number, this gives the KsultsXp— 1 
Xp.— 8, which agree with the nearest exact values 
A further and, if jj < q, rather better approximation** is 
"V -2|K^p -H)i_]'{jV-xp)i. ] 


/j>fi P/-I-1- 


(744) 

(745) 


where m (715) r » r. 


SNpq 


, (for f see page 28, right hand table) (751) 


*■» — ^P + fp \Npq . (for f see page 28, left -hand ubie) C7St) 
VC ith smaller samples, the transformations (717) and (751) can 
be improred by using the so-called correction for contmuny. In 
this case, x -l- S is used in place of x, whence 


IS 54 and 55 in accordance with 

-2(y4xO9-y37xOl)»_0052 

-0479 

. - 2(y6 X 09 - hs X 01 ) - 0906 
-1-0817-0183 
-0979 
-800 
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20E.The binomial nnrt the Poisson distribution 

As shown by bigurc 43, with small values of ]> the binomial 
tiisiribution closely resembles the Poisson distribution. The fol- 
lowinp; rule of thumb shotild l)c noted : 


^ , where X Np 

if 


Nj> 



20 F. Confidence limits and significance limits 

(ij) Coiiftilciue limits for V, tables on pages 85-103 (or significance 
iimits for f <-■ .v/Af, cf. example 17, page 156) 

In Af trials, the event E occurs .v = /: times. According to Clopper 
and Pi'AnsoN'’®, the confidence limits satisfying the equation 

Ptob (/), < J» < p, ) -v =■■ /t, N) -= 1 - 2a; a < 0,5 
ate the solutions of 




Fig.45. Binomial distribution. Confidence limits for iV»30 and N • 


S “ « for/, 


(1 « a for/. 


(») 




(7«9) 


For ,v= 0 and .v =N, only om-sidtd 1 — a limits arc possible: 
for .V = 0 


0 and /, ■= 1 — antilog 

T ,V = JV 

/, >= antilog ^ 


(a) 


(b) 


(770) 


For N = 0 and *: *= A/, the confidence limits for given in the 
tables on pages 85-103 thus correspond not to 1 — 2«, but to 1 — a 
limits. 

For 0 <.v< Af an exact solution of (769) is possible only by 
means of an iterative process. The tables on pages 85-98 were cal- 
culated in this way by computer. 

Approximate solutions arc 


/,./r=- 


Vi-h Irl 




A7-t- c= 


(771) 


where c = page 28, left-hand table, 
or, if N g NjZ 


(1) X or 100 /j (= 100 xjlSI) lies aborc the tabulated values in 
N column. 


■PP—x = x',orl00— i00pj:=100p^, is first calculated and 
the corresponding limits 100 /J and 100/' looked for in 
the table. The required limits arc: 

Lower /, = 100 — 100/' 

Upper /, = 100 — lOO/i' 

Example S7. A7= 150, a; = 125. ar'= 150 — 125 = 25, or 100/^' 
100 —83.33 = 16.67. For this the table gives 100 /J = 11.10 an 
100 /r = 23.64, whence from (773) the required limits arc 76.36 • 
88.90. 

(2) X or 100 /i (= 100 xIN) lies between two values in an I 
column. 100 ps lies between 100 /^ and 100 /J (/i</I). 


The limits 100^, and 100/J for 100 p'^ and the limits 100 p' 
and 100 p' for 100 /' are looked for in the table: 


100 /; 100/; 

100 /; 100 /,' 

(100/; - loop'j (100/; - loo/o 


If the quotient 


100 /,.- 100 /; 

300/; -100/; 




then the required limits arc 
100/, = 100/,' + (A X £,) 

loop, = 100/; -f (A xBr) 


loop; 

100 p; 


(loop; - 100/;) 


Example 58. A/= 500, .v = 427, 100/, = 85.40 


(774: 


/i,A= (A ~B)^ j/B[2-(A-B)-:^ 
where 

X + a 7 a -i- 

4 

A7-1-1 


where r = 


> /x-f-'A 7A\ 

[ (N + iy ) 


(N + ly 

Ca, page 28, left-hand table. 


> (772) 


With larger samples, rp A in (771) and (772) can be ignored. 
(771) is the solution of (7*0) and (762) for /, (772) that of (764) and 
(766). The tables on pages 99-103 were calculated from (772) (for 
^>4). In practice, (771) and (772) will seldom be required since 
of the tables is sufficient for most eases. 
iB.Parameteibows the confidence intervals for for all possible 
As shown by (7^). 30 nnd N ~~= JO. 

id by the probability J} and the hm r^t: limits not contained in the 
; represented by the expression binomial, follows (the examples 
s mean and variance ate respectively 

p, = Np = expectation of (749) ^ 

, , ...I..:... v: ffvl for 2. 3. .... 49 


100 /; = 86.00 
300 /; = 84.00 
Difference 2.00 


100/; = 82.64 
100 Pi = 80.48 

Ub 


100 /; = 88.92 
100/; =87.10 
1.82 


100/, - 100/; = 85.40 - 84.00 « 1.40 
A = 1.40 1 2.00 =0.70 


100/, = 80.48 + (0.7 X 2.16) = 81.99 = 8M 
loop, = 87.10 + (0.7 X 1.82) = 88.37 = ^ 

(3)iVlics bctwccnA7.andAr.(iV,<:iV,).For 100/,(= lOO.v/AO 
interpolation is made in column A/, to give the limits 100 p; and 
100 //, in column AA to give the limits 100/,'** and 100/,**, >n 
accordance with (774). The required limits arc then 


lOOA, = 100 J)* + - too/-*) 

jVj — A^i 

mp, = 100/* + - 100 A?) 


(775) 


Example 59. N= 270, .v = 22, 100/, - 8.1 5. ''>'■7270 lies benveen 
A7,= 250 and A/, = 300. The intctpol.itcd limits for 100 p, c.i. 
in accordance with (774) arc in column 

A*, = 300 100/** = 5.32 100/** = 11.86 

: 1/fi. liiy(i “ 250 100/,* =5.03 100/,* = 1228 
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(n») 


50 

.00/,= 508 + (04 X 024) = 518 - 52 
.00/, - 12 28 -(0 4 X 0 42) -1211 - 121 
4) A'’ he* nboTC 1000. Fot 100/,(-100Jf/N) the limit* mpl 
i 100 p', »te looked for m the column ^—1000. Then 
100/1,-100/1 - A 

100/;-100/,-fi 

dlOO/i -100/, -/iVlO OOliV 

100 /, - 100 /, + s KTSoo/n 

Eyampli 60. Gi7en are A''- 3000 and af- 69. 100 /,-2 30 For 
0/, — 2 30, colurrui Af— 1000 give* the limit* 100 /J— 1.46 and 
0/;-344 

.,4 - 2.30 - 1 46 - 0 84 
5-344-2 30 -1 14 
V 1000/3000 - Ki/3 ~0577 
100/, -23 -(0 84 X 0 577) - 1 82 - 1 8 
100/, - 23 + (1 14 x 0 S77)-2 96 -_30 
(>) PignificaHei limiltferx, table* on page* 104-106(or confidence 
mit* for ///») 

I. .4.. 1.1.1- .V ». 


Examph 6!. Required are the 95% confidence limit* fot x fot a 
>ample of iize N - 10 and a given ]i — 0 S 
li ihovn by Figure 45, fight, the Uatr limit x, 1* fixed 1 
ay that eotmdenee mterral for ji vhote apptf limit/, h*) 
le* ihnti to the given i» a uhaat <x«n/iy »/ ) 

rhe ipprr limit x, 11 fixed by that confidence interval j 
tor i« whose /earn limit /, lies thtisi to the given 1» )(h> 
tilkm falling bthm O ' 

In the table on page 55, /, - 44 SO is ui accordance with (777 a) 
and /,- 55 50 in accordance with C777b) The required limit* for 
X ate therefore xi-1 and x,-9 
According to Vt ilk* ”, the above significance limits correspond 
to the diilribnlisn-frii fsiyUrurr UmiH far quanliltt Q{p'i(ft section 
tor, page 161) vihen x, is replaced by Xj + 1 and when / in the 
table i* ao chosen that >t 1* of the same magnitude »a / m 12 (/) 
In ihi* connection it should be noted [cf (3>})I that the postu- 
lated aignificance probability i* reached when x ailaint or eaceed* 
in an outward direction from the limit* x, ot x. 


(one-tailed test) the sample originate* from a popubtion with 
1»-*005 {a-0025) 

(rwo-tailed test) the sample origmates from a popolacion with 
I* * 005 (2s-005) 

On the basis of (748) and (741) ot of (7*4) and (TU) the following 
approximations are suitable for calculating the significance limits 

xi.x, -A’l» + -f- r.\)/'Nvq) 1778) 

(<«. paw 28, left hand table) 

Ot.lf/K-qr 



(f — f,. page 2*, left-hmd table) 


(c) DiUnbxIion-frti iokrmst hmilt for continuous distributions, table 
mpage 128 (cf.also sections 8C, page 155, and lOF, page 161) 
Hie Tallies of the sample sizes N in this table have been calcu- 
lated by an iterative process based on 3 formula of Wilks®', so that 

s (^)e;(l-pp)''-*gl-B. (780) 

The tounded-olf values are based on the approximations ” 
JV~1.03x+ 4 74x‘-I forPp-OOO | 

JV~l01x+ 975x*-l for0,-O95 I 

Ar~100x + 49.75x‘-l for(3p-099 |<781) 

wberex’isso chosen that Ifr of the table on pages 36-39 
equals 1 — (5, for v — 4 x ) 

“Hie approximation to Afob tamed from (781) is very close to (780). 


20G.Btnotnt3i dUuibutiont Miscellaneous 
(a) Art-tala Iraniformalion, table on page 69 (cf also ‘Inverse trig- 
onometric functions', page 139) 

Accordmg to Freeman and Tukey**, the best transformation 
X-*- X for stabilizing the vatiince of the binomial distribution 
when Ngt ^ I is in most cases 


/ JV+1 
with a vanance within ± 6% of 


L_/»nsJ«>n\c 

//+ 1 radians / 


821 /angle in\ 
N+ Vt [dtgetes) 


The mean .T of the values thus transformed is approximately 
2.fe*.n/5; 

This transformation can be used in variance analysis and other 
operations 


(5) WithagivenJh how large must the sample size A/ be fot the 
event U to occur at least x times with a probability p*? The so- 
lution of ih« problem fot x - 1 is givert in (7IS) 

-.T** *}tfple*t approximate solution foe x > 1, on the basis of 
(7«»).i*(whenj*< o) 

(-7 + >■ + r - 1 (783) 

where a — 


21. The Poisson distrlbutii 
21A. General 


lin^tVnf over a long period of observation^ 


/(ar) - i*. 



' - of “tural logarithms; 1 - observation. 


t, for X sec (787), 


xatiiLS Kuj w ana tne cumulative distribution v *> 
by MoifNA* ‘ i •* * are given 

The simplest calculation of several successive . 

abilities IS from the recursion formula prob- 


- i*. 


X 

x+1 


(TSS) 


tTlme bai been choxnu «n 


nple TheMn.c.rjtumentuouIdipply,fo, 



‘“t: vuj»Hun uiacrinution 

As shown hy PiR)irc43. wiih small values of the binomia 
ih.trihulion clpscly resemble'; the Poissou ciistribuiion. The fol 
title of thiinih choulcl he noted i 




* , where X Nji 


Npt/ 

JV j) ' 


n? I 


(768 


2(1 r-’. ConfKldncc limits ntul slRnlficance limits 

(./) Cottfultnct timitsforp, tables on pages 85-103 (or significant 
units for /I •- .v/A(, cf, example 17, page 156) 

In yVirials, the event H occurs.v^- A- times. Accoftling to C loppei 
ind PrARSO.v^o, the canfidcncc limits satisfying the equation 

I’tcih (Pt<p< ;v ! 7S?> - 1 - 2 s ; a < 0.5 

ire the solutions of 


(a) 


> (769 


iJ ^'^^j/</(l « (or pi 

nil 

i) PI (I ~ Ar)"'’"* a for Pr (b) 

f ’or .v»i 0 and .v f- AC, only ont'sided 1 — a limits arc possible: 
or .V " 0 


• antiiog 


(a) 


(?70 


(b) 


0 and p, 1 
or .V N 

Pi <-• nniilog ^ 

Tor .V 0 and .v « N, the confidence limits for p given in th 
tides on pages 85-103 thus correspond not to 1 — 2«, but to 1 — 
inits. 

For 0 <,v < Af an exact solution of (769) is possible only b 
leans of an iterative process. The tables on pages 85~98 were ca 
ulated in this way by computer. 

Approximate solutions arc 

T I r I ]/(. T- ‘/a) ( 1 - 4- ^ 

A, A- 

■here c “ ta, page 28, left-hand table, 
r. if -vg AC/2 

(A -D)^ \rB[Z- (^B)-A] 

■here 

X + + —r 


(77 


> 

Api,A„^^ A7-bl 

A / X + V2 TFz \ 

“ 2 i (AC-fl)’ / 

here r ■= r*, page 28, left-hand tabic. 

With larger samples, :f Vz in (771) and (77J) can he ignore 
(1) is the solution of (760) and (761) for A (771) that of ^64) ai 
!6). The tables on pages 99-103 were calculated from (772) (t 
=■4). Jn practice, (771) and (772) will seldom be required sin 
ParamCuC/hi^ tables is sufficient for most eases. 

^-’ws the confidence intervals Carp far ail possil 
shown by (744), ttio sizes At = 30 and AT = 10. 

oy the piobabiiity jfy and tne . ... 

/retented bv the expression ‘bindnr. hmns not conmmed in t 
fcan and variance ate respectively ' (the examp! 

.^NP’= expectation of (74?) 


1 2 f(x) for N- 2, 3, 


.49 
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j„_ 108(1-099) logOOl _ -2 

logo -1/6) “ 1 ob5/6 ~ -0 0792 ** 

IcfoUovi that26 throws must be made in otdtt that, wnhtptoW 
■hty #• fe099,at least one six will be thrown (with 25 throws Ji* 
•ouJd be a Lttle under 0 99) 

DD.The binomial and the normal distnbutloct 
As shown by Figure 42, with J» «■ VJ, the binomial distnbutioit 
losely resembles the normal distribution eyen with tmatt 
imples. This is not the case with more extreme Tsluea of 
d P “0 1). As shown by Figure 43, howeyer, with ineieasing 
imple size the binomial distributiort approximates to the normal 
istribution even with mote extreme yalues of J» Jn other words* 
VTith increasing sample sue TV the binomial distri bution (J>.JV) 
mdi toward the notmal distribution (iVj», The closer |» 

ei to 0 5, the greater is this tendency. 


o 


V2TtTVj»*i 


, - + : (for r see page 28, right4iiai ahk' ^ 

PJVpg 

X, - Np - Is + r, l A*/' g ; (for f see page 2S. 

I^Jnod table) 

From the de&utioits 

Ptob (X S Xp.) - 1 - Prob {X S X,. - 1) - P* 
Ptob(rSf,.j.) -• ‘y* ^1— p* 
it follows from (7(0) and (Tit) that 

r,^4 — ^** : (for t tee page 28. (fll* 

f^pg right-hand table) 

Xf. — Np -h -t- I'JVp g ; (for t sec page 28, {TH> 

left hand tabic) 

ExampU S4 Circa the binomial distribution (j* " 0,1, 40), 

calculate the probabiHaes Prob (x5 J) »p ind I’foh(x26)»‘p* 
lismg the apptosimau formulae {7(0)-(7(7). 

3 . 5-4 


'Kith targe sample sues TV, in accordance with the definitiona 

Prob(ySaf^)_ 2 ■**.-» 

Ptob (< s Cp) / of the standardized normal distribution 
i follows from (TU) that 
Prob(xSxp)«aPtob(rSff) 




- -0264 (from (740)1 


p —0-396(bylineaf interpolation bright hani|iab!r,p(ia2<i) 
'i->* “ " *■ 0,791 [from (74!)] 




- JV/. + ,, \Njrj . (to . p.g, a. i.r,.h„d p„, 
« pta of 5 


l-p«-0.7W 
P* -0214 

0 ^aSo So'*” f 

binomial ilintibgikfl of eian.fl, < ( ,.j 

--IM 16 ) 

I6449) table 

whence 

A 

'--1 



'"CM) (T4I, 

O.m*. U ,1,^ 

'• -i(tTiroV-Viiv-o:,i--o„52 

p -0 479 

*•■** “*^^^ 6 x 09 — y iTT. nT ^ 

” -‘-0817-0.183 

*p -01979 
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20Ii.Tlic blnominl nnd flic Poisson distribution 

As shown by rigi,rc43. with sm, ill values oC ji the binomial 
dif.triliution cbscly resembles the PotssON distribution. The fol- 
towinp rule of thumb should be noted: 


( , j 2^ ' - , where X Nj> 

if 


Nj}(/ 

' n )T 


1 


> (768) 


20 F. Confidence limits nnd significance limits 

(«) Cmtfidme Jwiiitforp, t.ibles on p.igcs 85-103 (or significance 
limits for /I sjN, cf. c.xnmplc 17, page 156) 

In A’'trials,thc event TJoccurs .v = times. According toCLoppER 
and Pr..\RSON the confidence limits satisfying the equation 

Pfob {]>, < 2>< A I -V " Af) .= 1 - 2a; a < 0.5 
arc the solutions of 



Fig.^S. Binomial distribution. Confidence limits (o! p\ A' ^30 and A''. 


AC)-' 


and 




a for pi 

(») 

et for p. 

(b) 


(769) 


For .v>ai 0 and -v '=Af, only out-sided 1 — a limits arc possible: 
for .V 0 


0 and A ■= 1 — antiiog 


for -v N 
pi •= antilog 


and A’ 


(a) 


(b) 


(770) 


For A- =0 and x = N, the confidence limits for 2> given in the 
tables on pages 85-1 03 thus correspond not to 1 — 2 a, but to 1 — a 
limits. 

For 0 <A' < A ati exact solution of (769) is possible only by 
means of an iterative process. The tables on pages 85-98 were cal- 
culated in this way by computer. 

Approximate solutions arc 




,v T % -(- — T I c 
2 


T/, V*' 

/(^T/r)Jl— —j-b- 


A-i-c’ 


(771) 


where c — Ca, page 28, left-hand table, 
or, if A g A/2 


(1) X or 100 a (— 109 lies al^ore the tabulated values ir 
A column. 


— — x',orl00— 100pj= lOOp', is first calculated and 
the corresponding limits 100 p', and lOOp; looked for in 
the table. The required limits arc: ^ 

Lower pi = 100 — 100 p' 

Upper p, = 100 — 100 p; 

Examples?. A= 150, a-= 125. x'== ISO- 125 = 25, or 100 pj 
100 —83.33 = 16.67. For this the table gives 100 pj = 11.10 a 
100 p( =23.64, whence from (773) the required limits arc 76.36 
88.90. 


(2) X or 100 px (= 100 a-/A) lies between two vaiues in an 
column. 100 p* lies between 100 pi and 100 pJ (pi<pl). 


The limits lOOpJ andlOOpJ for lOOp' and the limits lOOp' 
and loop" for lOOp' are looked for in the table: 

loop' loop/ loop; 

loop; loop; loop; 


(loop; - loop;) (loop; - loop;) 


If the quotient 


loop^- loop; 
loop; -loop; 


= .cl 


(loop;- loopj) 


then the required limits arc 
100 p, = loop; -h(yl xBi) 

loop, = loop; -h (A x3,) 


(77< 


Example 5S. A = 500, .v = 427, 100 p,: = 85.40 


p„ A ^(A~B)T ]fB[2-(A ~B)~A] 
where 


X d- Va T Va -h At 
4 



A+1 

5a,. -Br, = Y 

/ X -hVa T-Vi) 

1 (A-M)» ; 


where e — fo, page 28, left-hand table. 


) (772) 


With larger samples, T V: in (771) and (772) can be ignored. 
(771) is the solution of (760) and (762) for p, (772) that of (764) and 
(766). The tables on pages 99-103 were calculated from (772) (for 
>: > 4). In practice, (771) and (772) will seldom be required since 
the range of the tables is sufficient for most eases. 

Figure 45 shows the confidence intervals for J) for all possible 
values of X for sample sizes A = 30 and A = 10. 

Interpolation and extrapolation for limits not contained in the 
tables on pages 99-103 arc carried out as follows (the examples 
arc all for 95% limits): 

Four different situations will be considered, of which (1) can be 
. . 1 /n\ /a\ -.. rat Tn tVir* fatter rase, calculation should 


loop' = 86.00 1 OOp; = 82.64 1 OOp; = 88.92 

loop; = 84.00 loop; = 80.48 loop; = si.io 

DifTctcnce 2.00 2.16 1.82 

100 pj - 100 p; = 85.40 - 84.00 = 1.40 
y4= 1.40/2.00 =0.70 

100 pi = 80.48 -f (0.7 X 2.16) = 81.99 = 8^ 
loop, = 87.10 + (0.7 X 1.82) = 88.37 = 

(3) A lies between A, and A, (A , < Aj). For 1 OOp, ( = 1 00 -v/A') 
interpolation is made in column A, to give the limits 100 pf and 
100 pp, in column Ab to give the limits 100 p,** and 100 p?*, in 
accordance with (774). The required limits ate then 

loop, = lOOpp + Ar (100 pp* - loop/) 

(77S) 

loop, = lOOpp -f- (loop,** - lOOpp) 

iVj i V I 

Example 59 . A= 270, .v = 22, 100 p, = 8. 1 5 . A^= 270 lies between 
A, «= 250 and A, = 300. The interpolated limits for 100p,-S.15 
in accordance with (774) arc in column 

Ab « 300 lOOpp * = 5.32 100 p,* * = 1 1 .86 

. « • r,f\ .» •*. t no -TfAn — f ? 7.'R 
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»/,- 508 + (04 x02-l)» 5.18=. _52 
00^-12.23 -(0 4 x 042)-lin - 12.1 
I) N lies iboTC 1000. For 100^, (—lOOx/AT the limits lOOpJ 
ICO p', »re looked for in the column A’ — 1000. Then 
100/1, -100/1 •‘A 

100/; - 100/, - fl 

1100/, - lOO/, -^ KlOQO/A’ 

100 /, - 100 /, + £ i'iOoo/N 

Examp/t60. Given ire A’'— 3000 and x— 69, 100 /,—230 Fot 
)/,— 2.30, column A'— 1000 gives the limits 100/J— 1 46 and 
)/;-344 

4-2.30- 1.46-0 84 

5 - 3 44 - 2.30- 1.14 

■'1000/3000 - VTii ~0 577 

100/, - 2 3 - (0 84 X 0 577) - 1.82 -J_8 

100 /, - 2-3 + (1.14 X 0 577) - 2 96 -_30 

[*) limiU far x, tables on /ages 104-106 (or confidence 

uts for A'i*) 



Lx»mph6\. Requited ate the 95% confidence limits for x foe a 
m/le of iize 10 and a given )• - 0 $ 
s shown by Figufe4S, tight, the Intr limit a, is fixed I 
tthat confidence interval foe Ji u hose *//ev limit /, |<>> 

11 thmi to the given /> ai/^M/ txtitimi it I 

he tpprr limn x, is fixed by that confidence interval \ 

<t J* whose h»tr limit /, lies chiiil to (he given i* [(b) 

\tii»n fJlmikthv It ) 

In the table on page S$, /, - 44 50 is in accordance with (THa) 
Id /,-5S 50 inaecotdince with (T77b) The tequired limits fot 
%TS skitwlost X , — \ Sft4 X ,— ♦) 

According to ILKS*', the abore significance limits correspond 
•> the i.ttribnian frtt nrfidtnti hmiti ftr ^nanUUt Q (/) (ef section 
or, page 161) xhen x, is replaced by r, + 1 and whw / in the 
able IS so chosen that it is of the same magnitude as / in (/) 
In (his connection it should be noted (cf (181)] that the postu- 
iced significance ptobibility is icached when x elfaim or eaceeds 
n an outward direction from A'ii the limits x, or x. 



one-tailed lesi) the sacrple originates from a population wiih 
l•>005 (a-C1025) 

two-tailed test) the sample originates from a population with 

r*-oo 5 (:a-oo 5 ) 

On the basis of (7(01 and (Ti])or of(TM) and (744) ihe following 
ipprosimations are suitable for calculating the significance limits 


V.. v, - A'i» 5= ('i + t, \'Nltq) 
r.. pace 2‘>. left hand table) 


t.lf|» < q 

Vi-i^l.v,- y. (a’-i. 1 - 


■ 9 " f' |'i«9^aV-i- I 


(77*) 


(n*) 


(0 DiilnbMtun frtt toleranct hmitt for eonlmuaus Jirtribuliom, t#hle 
on page 128 {cf also sections 8C, page 155, and lOF, page 161) 
The values of the sample sires iVin this table have been calcu- 
lated by an iterative process based on a formula of VCilks^', so that 

S (^W;(l-P,)''-'Sl-0< (I®*) 

N-aavi \^ > 

The rounded-off values are based on the approximations 
AT— 1.03x-i- 4.74x*-l forPp-090 ) 

Af~10!x-b 975x'-l forP,-09S 
A7~100x-b4975x'-l forp,-0 99 
wtsercx'issochoscnthat l/r of the table on pages 36-39 
ccpiils 1 — p, for y — 4 X. j 

The approximation to ^obtained from (781) is very close to (7#®)- 


20G.Binofflla! distribution' Miscellaneous 
(a) Are-wu transformation, table on page 69 (cf. also 'Inverse tfig- 
onometne functions’, page 139) 

According to Freeman and Toxtr**, the best transformation 
x-> X fot stabdirmg the vanance of the binomial distribution 
when A'i* ^ 1 is m most cases 



with a vatiance within ± 6% of 


1_ _ /angle ta\ 821 /angle in\ 

* A-b !s \radians / A+ )i \degtees/ 


0*2) 


The mean -T of the values thus transformed is approximately 
2aresmH; 


This Uansformation can be used in variance analysis and other 
operations 


(5) VC ith a given yr, how large must the sample size Abe for 
event i? to occur at least x times with a probability The eo- 
lotion of this problem for x - 1 is given in (7SS) 

The simplest approximate sotuiion for x > 1, on the basis of 
(744).is(wbenj>< 9 ) 


21.Th» Poisson distribution 
2IA.General 

r • relatively short timet (,n general 

the mit /) only rarely The probability that in an obscr- 

vatwn unit t the event will occur 0, 1, 2 x limes is then 


/(*)-/•,- 


xt 


01 


21 


' " t>»«of«“t«r»noganthmi, /-observationu 
page 188 


C7M) 


i:fotXseeC7«7). 


The simplest calculation of several successive 
abilities IS from ihe recursion formula 


individual prob- 




X 

x-bl 


(7>S) 


tluneluibeenchoKnasineiumpIe The 
•nstance, to sorfacti and Toliunci 


(• “ fa. pspe 2^, left Kind table) 
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CL Foe the Poisson distribution 1) calculate the in- 
tivldual probabilities for .v from 0 to 5. 

/*. - 1 /f 0.367 879 l \ l \ X >/. - 0.061 313 

/■', - J \ X 1 0.367879 j \ J \ x */i - 0.015328 

A "• A X Vi 0.183940 J \ - A X '/• - 0.003066 

Calculation of tbe timnlalhi prohabHilitt is carried out according 
0 the procedure given in section 5, page 148, with i\7 replaced by 
afinity. It should also be noted that in the Poisson distribution the 
robal)ilityProb(.v rI-6) can be calculated only from the probability 
'rob (.V — 1), i.c., 

Prob (.V /fc) f 1 — Prob (,\- — 1) 

lixampte 64. How large must X be for the event E to occur at 
^a.st once during the observation unit / with a probability p*? 
This is an unusual problem in the Poisson distribution but somc- 
mes occurs wlicn the latter is used as an approximation to other 
istributions.) 

The solution is obtained by using equation (119) on page 137. 
Icrc the numerical values for various probabilities p* can also be 
lund. For p* <^0.999, X for example is 6.9. 

iB.Tlie nddition theorem for the Poisson distribution 

.V, , . . ., .v,j, are stochastically independent^ random 

iriablcs with Poisson distributions (X,J, (X,j.) re- . 

cctivciy, then their sum x ,-(-••• -fjcij. is like- •' 

isc a Poisson distribution (X) with X = X,j -p X,, -1 1- Xt^^,. 

C.Paramcters and their estimates 
The mean of the Poisson distribution is 


Example 65. In 60 minutes 12 events arc observed. X 
12/1 12. In accordance with (7881, the estimate of X, 

12/60 ~ 1/5. 

Example 66, In 60 minutes 12 events are observed, in 30 j 
8 . In accordance with (788), X,, ~I2 + 8 -20, X,„,„- 

Example 67. In 100 observation periods of 1 minute c 
event E is observed x, times inyj observation periods, as fi 


X, 

/. 

Xtft 

^]ft 


0 

5 

0 

0 


1 

30 

30 

30 

X, = 2.36 from (79C 

2 

24 

48 

96 

3 

20 

60 

180 

S, = 778 - 556.96 

4 

12 

48 

192 

= 221.04 from 0 

5 

4 

20 

100 

6 

5 

30 

180 

y* = 93.661, 

7 

0 



V =99 from (79() 

8 

0 




r/ = 100 Ex = 236 2x» = 778 ! 




” ^‘108 min 




In this case x’ lies far inside the significance limit of 0.05 (C 
a < 0.35), so that the distribution eoiM be a Poisson distrib 
A mare efficient test is provided by calculation of the jilted Pc 
distribution in accordance with (784) with X =2.36, multiplii 
of the value obtained by ;; and then testing with x' in accor 
with (588) with degrees of freedom v = A — 2 from (S89a), ' 
k = number of classes /. 


Oij “ ^' 1 = expectation of x'j 
d the variance 


(a) 


(787) 


c X, = e.xpcctation of x, (h) 

lerc / = observation unit to which x and Xj relate. 

If a Poisson distribution with observation unit / is used to calcu- 
e another Poisson distribution with observation unit kt, then 
: mean and variance of the latter are 

(-6 > 0 ) 

The equal magnitude of mean and variance in the Poisson distri- 
lion results in the following rule of thumb: 

he ratio of mean to variance in a discrete distribution is 
iroximatcly unity (say between *'/ , and ’/ w), then a Pois- 
I distribution is likely to approximate to it provided that 
variable x can assume high (theoretically, infinitely 
h) values. 

Jnbiased estimates of X, based on n ep/ai observation units / arc 

£ X, ^ Sx,/, (a) ' 

H 


(789) 


?,= ■ 


S X? - (E X,) v« Sx;f,-(ZxJ,)Vn ^ 


K - 1 


«-l 




(b) 


(790) 


is the better (more efficient) estimate. Since it is also more 
:kly calculated it is the one usually uscd.With higher values of ii 
'n > 5 ) however, the additional calculation of (« — 1 ) s' [the nu- 
ator in*(790 b)] offers the advantage of being able to test whether 
ratio s'ISe differs significantly from 1. The test quotient is 

?-!)/ ; ^ (791) 

X, X, 

ignificance limit x* with v = « - 1. 2a - 1/„ pages 36-39 

■ the test quotient (791) attains or exceeds the significance limit, 
I the sam Je probably does not originate from a Poisson distn- 
ion. This leads to the following rule of thumb: 

en (791) is significant, the sample could originate from 1 

nomial distributionwhenr»<^,from a binomial dism- j (79i) 

ion with negati ve index when r» > x. Cf. also El ks ^ 

_ miKf not overlap. 


2ID. Transformations 

As shown by Figure 44 (page 185), with increasing X the sha 
the Poisson distribution gradually (and fairly rapidly) appro 
that of the normal distribution. 


1 

•n! 


(■v-X)» 

19. 


The corresponding transformations arc analogous to the ti 
formations of the binomial distribution to the normal distribi 
using (780)-(783), with Njt replaced by X. 


The following approximations are better^®: 


rp =2(l''^;m-iT) 

Xp = X + Cp 1'^ ^ ^ 

Ci-p* = 2 (l^x^ - ) 

x-p. = X -fi r,.p. Tx -fi 




) 


I 

( 

( 


Example 6S. Calculate Xp and -Vp, for t' = h* “ 0-025 of 
Poisso.N distribution (X = 99). 

Y = 99 — 1.96 K 99 -fi — 1 = 79.46 from (795) 

' P 4 

99 4 - 1.96 I'll? + = 119.46 from (797) 

" p 4 


Since X can have only discrete values, these results arc roun 
off to give 79 and 119. The exact values arc 79 .and 120, In this c 
ncction it should be noted that in such cases it is better to be on 
safe side and round off outwards : 


ardcr more adequately to meet the requirements Prob 
a.Vr) g b (-vS-Vp.) Sb*. -Vp should alKuys 

rounded off downwards, .Vp. always upwards. This also 
ilies to approximations to other discrete distributions. 

f rule f79B) had been adhered to in example 68, the correct re: 
uid have been obtained. However, this is not necessarily alw 
case when (798) is adhered to. 



OTaiisiicai meinoas 


The following iransfotmaiion** 
yarunce 

A' = + Ka' + i 

wiih yaiiance a5c ~ t 
andmean X ~V4 ^ ^ 


auitible for ttabiiiamg the 


(W) 


The fctatiooship between the Poissov and x* distribution* is 
giyen in (54t) and (SO), whence the ftiWowing ptocedure fot de- 
termining the txad Values of Xp and 


(a) Xj is teijuired. The value x* € 2 X is looked for in the 
column 1 ji 1 — p of the x* t«b\e on pages 36-39. From 
the degrees of fttedorft v of thw x* tt follows that 

x» «• — — 1 when w is even 


(too) 


— — IS when y is odd 
2 


(b) te«< ts SKVaited The value x* S 2 X is looked foe in 
tV* tolwmn l/x 6* of the x' table on pages 36-39. Ftom 
the degrees of freedom v of this x* >< follows that 


mt) 


--^ + 05 when v is odd 


Cxtmptii) Required ate the (1 — 23) limits for x when \ - 32 
and tt —00005. The left limit is obtained from (100) and is 
Xi .w-t>3 552SMw.ithv-3l. x, -31/2 -1 5-14 The tight 
limit IS obtained ftom (IQI) and is x! ««.• •• 64 526 Sr 64 with 
y . 106 X, - 106/2 •> S3 


2tF.Conildcnee limits and algnlftcance limits 
(a) CdiJfJfnet liMilj for X (tables on pages 10? and 100) 

In analogy with the bmomial disttihutton, eonfidenee limits foe 
X ate lolutiont of the equations 

>1 ““ 4(' “ *‘*‘*^®* 

for X| and X, 

fot X « 0 there is only one (I - a) con£dence Iniecyal with the 
solution X, - 1; (equation (lit), page 1371 The left limit X, is aeto 
For X > 0 only iieratiTe solution* are possible The tables on 
pges 107 and tOS were calculated in this w>y by computer for 
values of X up CO 100 For values of x > 100 the formulae (atM) »cre 
uxd (from fatrstAV and Tokst’i spproaimwon*^ 



Tor signincuice probabilities ocher than those in the tables on 
rises 107 and t08. f v^r/ limits for X up to 1(» (or 9^ eais be cal- 
culittd fnvm the x* table on pages 36-39 as follow t: 

Given -V and «, then 


..tij.id -X. 


where xl and x*-. denote the a and 1 — aquaniiles, « 
ate to be found under 1 J | 

Examph 70. Required are the (1 — 2 a) limits for A wh 
and a —0 05. For Xj the table is entered at v — 2 x9B- 
l/,-005, giving X* -164 10- Xi- 164 10/2 - 82 OS F 
table IS entered at v — 2 (93 + 1) — 198 and Ifi— 09 
xl-231 829 X,- 231 829/2 - 115.915 

For higher viluea of v, very good approximations are 
from (774) and (744); 

......(M^yTTyrrsy 

Examph T(, Required are the (1 —2a) confidence Iir 
when X — 99 and a — 0 025. 


X, - 

V“ 

Theeiv 


|i|i + V99 + Vi + V. j' - 120 56 

ict values ate 80 458 and 120.53 


Examph 72 In 12 minutes 24 events are observed Cal 
95% limitsfocXi,mu,X,o<i,.X,K.Fotv—24 m the table oi 
the limits IS 378 and 35.711 are given In actwdaewe i 
these give the following further limits 
f<w - 15.378/12 and 35.711/12 - 1.281S and 2 ' 
fotX,a -15 378 x 5 snd 35.711 x 5 -76 890 and 
The estimate of the Utritt for X^, must always be ma 
basis of the number of event* x observed during the ol 
vnit f, and eai cn the basis of this Rtimber muluplied i 
following calculation in the esse of example 72 would 1 
*•.«!* -• 24/12 - 2. limits 0 2422 - 7 2247 
Of X,* - 24 X 5 - 120. limits 99 *9 - 143 52 
(3) 5i^i^can« limiis fvr x t>hen X itgivtn (table on pag< 
These liirais mett the condition (1f8) with /V replai 
They can be obtained without calculation from the i 
limits for X, as shown in Figure 46, tight The ptaeedutt 
analogous to that for determining the eoitcspondiitg liir 
binomial distribution Tot a ^ 0 025 or 0 005, the left I 
tamed from (809), the right limit ftom (891) Cf example 
page. For b > 100 (of 99). approximations are obtained : 
and (747) 


22. The hypergeomatrie distribullon 
22A General 

Given ate N balls, of which X arc white and N — } 
probability of drawing exactly xi while balls «v Nx dta 
(A'-.Vl 

/{kx\X^N.Nx) - i 

(»,) 

fV.i(/V-Ar.)jAri(Ar-.;Oi 

iVl x,t (7t^- xO I (X~ X.) I (AT-.V- Ni + X,)! 

** Imownasihchypergeometticdisttib' 
{X,P/,Pf^ constant) 

The corresponding fourfold table (cf section22D.p 
White X, 7V.-X, ] AT x,P7.~.y,\! 

Red X~»:iP/~X-P7, + Xx\N~P7t ^x, A7, - x jf 
X N-X \ p/ x'N-XI! 
For )V 5 100 the calculation of (805) is best m. V c. 
rv> luo f.om (b) by means of the tables on papc. ->4 , 

(.-..ixw-jr-w,.; 

/(x,'Ar+ 1) 

(iV-..V)(,V+ 
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I lypctf’comctric distribution, N 20, Ni 5, individunl probabilities Prob (.v, - Jhil X — K) 

i ^ i 






4 j 5 

6 

7 

8 

0 

10 

'TT 

fir 

13 

14 

I-' 

' 16 

17 j 18 1 19 


0 

1 

0.75 

0.5520 j0.3991 

0.2817 |o.l937 

0.1291 

0,0830 

0,0511 

0.0298 

0.0163 

0.0081 

0,0036 

0.0014 

0.0004 

0.0001 




1 


0,25 

0,39‘17 0.‘I605 

0AG% 0.4402 

0,3874 

0.3228 

0.2554 

0.1916 

0.1354 

0.0894 

0.0542 

0.0293 

0.0135 

0.0048 

0.0010 



2 

; 

0.0526 0.1316 

0.2167 0.2935 

0.3522 

0.3874 

0,3973 

0.3831 

0.3483 

0.2980 

0.2384 

0.1761 

0.1174 

0.0677 

0.0310 

0.0088 j : 


3 



:0.0088 

0.0310 0.0677 

0.1174 

0.1761 

0.2384 

0.2980 

0.3483 

0.3831 

0.3973 

0.3874 

0.3522 

0,2935 

0.2167 

0.1316 !o.0526 i 


■' 



1 

0.0010 0.0048 

0.0135 

0.0293 

0.0542 

0.0894 

0.1354 

0.1916 

0,2554 

0.3228 

0.3874 

0.4402 

0.4696 0.4605 [o.3947 jO.25 


5 

__1 _ 

1 

i 

0.0001 

0.0004 

0.0014 

0.0036 

0.0081 

0.0163 

0.0298 

0.0511 

0.0830 

0.1291 

0.1937 

0.2817 |o.3991 10.5526 jO.75 

1 


1 lypcrgeometric distribution, N = 20, N, ^ 5, cumulative probabilities Prob (xt ^ Jki I X = K) 


X-K 


•>I 

1 ” 

1 

1 

2 

1 ^ 

4 

1 ^ 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 : 

1 

16 

17 1 IS 

j 19 j 2C 

0 . 

j 1 

0.75 

0.5526 

0.3991 

0.2817 

jO.1937 

0,1291 

0.0830 

0.0511 

0,0298 

0.0163 

0.0081 

0.0036 

0.0011 

jo.0004 lo.OOOl 


! 


i ‘ 


1 

0.9474 

0.8596 

0.7513 

0.6339 

0.5165 

0.4058 

0.3065 

0.2214 

0.1517 

0.0975 

0.0578 

0.0307 

0.0139 10.0049 10.0010 , 

i 1 


I 2 j 


1 

1 

0.9912 

0.9680 1 

0.9274 

0,8687 

0.7932 

0.7038 

0.6045 

0.5000 

0.3955 

■0.2962 

0.2068 

0.1313 

0.0726 0.0320 

0.0088 ! ' 

i 

i 3 ! 

i 

i 


1 

0.9990 

,0.9951 

0.9861 

0.9693 

;0.9422 

0.9025 

;0.8483 

0.7786 

0.6935 

0.5942 

0.4835 

0.3661 

0.2487 

0.1404 |0.0526 i 


4 


t 



1 1 

0.9999 

0.9996 

0.9986 

0.9964 

0.9919 

0.9837 

0.9702 

0.9489 

0.9170 

0.8709 ;0.8063 ;0.7183 | 

0.6009 0.4474 jO.25 ! 

5 


i 

1 


i 

1 

1 

1 

1 

1 

‘ i 

1 

1 



' 1 

‘ i 

1 ;1 'ill 

1 i ' 


Prob (.V, - /t, I A' -K-,N~ 20, N, - 5) 
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All the probabilities / (xi | X, W, = 5) and cumuIatiTC 

robabilities F{x^ ] X) are giTCft m the tables on page 190,tehw 
le same probabilities are shown graphically in Figures 47 ant) 48 
A check on calculations of this kind is provided by 
'^^i>rob(x,|A'-A)-.l W] 

x'x X ♦. w X 1 

Prob {x, - 1 AT) ~ (b) j 

Figure 47 clearly demonstrates the aymmetry of the rtbtionship 
Prob (v, - 4, 1 X- A) " Prob (v, - Af, - *, [ A'= N-K) \ 
hence | (tIO) 

Prob(x.SA.iA-A')-Piob(v,SJVi-4ilA'-Af-*) f 

2B. Parameters 

The mean of x when X, NiniiNx ate given is (puttmg XIN »*J») 


nd the varianc 




I XIN-P, 

I 


When JV><0, J^il»S4, A/,i»S4 (about), the (1 — 2 a) sigfjig. 
cance hmita foe Xi with A' given can be obtained approximately 
as follows* 

JV.i. T [ Vf + I r. I V Nxpq (N~- ~Nx)lW-^)] (4n) 
For J> and tj see (811) 


ZS.TeatirsQ frequeneles 

2)A,Sacnples from blnomially distributed populations 


(8) Given septrat {m) samphs of si 
whi^ the event E occurs X|, X|, .. . 
The following are calculated ' 


iNuN, N„.. ,N^xn 

’t'lj • a *■»! limes respectively^ 


(811) 


Pi--, 


- 1 -Pm ; - 9 - 1 

transformed as follow s in accordance w 


The variance of the hypergeometric distribution {N, N,, p) is 
hus smalliT than that of the binomial distribution (i*. A7,) by the 

actor (A'-A;,)/(/^-1) 

QC.Thc hypergeometric distribution and other distributions 


Ni 

The X, values a 

(tm (1*4) •"<!{?«) 

r, ~2(S{x, + 1)9 - y{N, -x,)^), whenp,<; 


r, -2(K*‘.?- i'W-x, + 1)?), whenp, >; 


'^■henNi/7V<0 land// isfauly Urge the PoissoNdisiii* j ..... 
bution (k>N|2>} >t a good approximation I ' 

'll hen ^ii>S4 (about), the normal distnbuiion ((811), 1 ..... 
i' (111)1 li a good approximation, whence I 

x..^1) ,.,j 

(b, 

V (811) I 

where + or - )i can be neglected when P/ is large 

22D.Slgn{/ieance limits (fourfold table test) 

(Cf remarks on page 123) 

The significance limits given m rhe table on pages 109-123 rr 
the conditions (when N and A' are given) 

Prob(N,a*, A',4^1)>a I 


, I Comparison on the basis of the extreme range (rapid test) 

The difletetKe between the highest and lowest values of r, I 
IS the extreme range w, e, being obtained from (811) | 


<*>1) 




Pot «r • 2 (2 umples) 

I if/.-Pi>0 (a) 

iwo-uiled test (2 a) 

.f>»».«».'>A.(civite.than.2x»nyite5'> 


f («j, 


iwo-tailedtest the samples do not all originate from the 1 (Mvi 

ume popuUiion j 

When »i — 2 (2 samples), this test has the same power as ih 
following X* wst The range test is recommended when ar>l(® 

11 Comparison on the basis of x’ 

The snuitev of the t, values are summed Then the siKnificanr 
limit for the test statistic * 


Prob(v.a*. A',)Sa l», 

rrob(v. £4, A',- 1) > a I ' ) 

m situations in w hich X is unknowm (these do mt correspond to ) 

the situation described at the start of section Z2A. page 189) ^ _ ' ■ 

The ptoeedute for finding the upper level (Il7b> for a —005 IS , , , i . , “ 

indicated in Figure 43 (homontal broken line) ■ . • * i 

W ith Urge values of aV, (117) can be satisfied approximately on 
the basis of (ll») as follows’* - - _ 


T j/i- _ 11 [(V, T + (('■'i - 'f* ± !1)'| + (2x, -N,T 1)« j (.) 


A,.AV-^(4..2x.-A'.. 

or w iihout continuity correction 

-v,. .V, - ^4 + 2 V, - A'. j/*’ - 7;r t'*: + + ) 

where in(a)and(b)* -aV, + (l - A'./AOrJ rj - xl. fw » “ *• “ */f F’S' ^ 
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23B. Samples from mullinomially distributed 

Given arc w samples of sizes AT,, N, N„ . 

the events h,, h,, occur a-,|, x,,, 

times respectively, and 


populations 
. Nn, in which 

* . acij, . , ,, 


£ -Vi; N,, £ ^ Xj and £ A', ■= £ A'i ■= N: 

t-' <-i j-i (-1 


•Vll 

x„ . 

.. x„ . 

»• -Vin 

Ni 

■V|l 

X„ . 

.. Xlj . 

.. Xt„ 

Pf, 

Xj, 

X,, . 

.. .Vu . 

.. x,„ 

N, 

Xml 

•^*m* « ‘ 


’ • '^mn 

N„ 

A', 

A', 


A'„ 

N 


The expected values Et, = N,X,INo( on the assumption of 
constant probabilities and independence arc now calculated. The 
expected value of (event 1 in sample 1), for example, is 
A^iA'i/Af. With these expected values the following quotient is 
calculated for each observation Xtj'. 


(>•11 Xii _ j 

E„ XjN, 


(a) (b) (827) 


and the values summed. The significance limit for the sum 

£ £ (8J7a) or A?£ £ (827b) (828) 

11 11 

is found from x*, pages 36-39, with degrees of freedom v = (« — 1) 
(w — 1) and 2a «= 1 J,. If the test statistic (828) allaim or exceeds the 
significance limit, then interpretation (825) is valid. 


23C. Samples from Poisson distributions 


(a) 2 samples from Imo observalion tmils of equal magniUtde l\=lt — t 
Given arc 2 samples with the same observation unit /i = /i = /, 
in which the event E occurs Xi and x, times respectively. 

The sums Xi + arj = iV ate calculated. The significance limits for 
Xi and Xj are then x, and x, of the table on pages 105 and 106 for 
N’=Xi +x,. If Xi and Xj allala or exceed these limits (in an out- 
ward direction from '/a N), then the following interpretations may 
be made: 


one-tailed test: 


( Ai < 2,, if Xi S X, (significance o) 
1 2i > Xj, if Xi S X, (significance a) 


two-tailed test: 2, 2i, if Xi and Xt attain or exceed 

(outwards) the levels x, and x^ 
(significance 2 a) 

For samples with x, -P Xi > 1000 or /, =#= I, see (b) below. 


(829) 


(b) Several samples from any number of observation units t, 

Given arc m samples from any number of observation units / ,, 
..., in which the event £■ occurs Xi.Xj, ..., X(, ..., x„ 

times. The following are calculated : 


X* = .^iand2 = (2x,)/(S/,) 

h 

and the Xf values transformed into C| values as follows in accor- 
dance with (794) and (794): 

c, = 2 {[/x.-fl - K*^), if 2r<2 

e, = 2(l/'^-KA^).ifxr>^ 

Comparison of these transformed data and their interpretations 
are as in section 23 A (b), I and II, with 2 and 2* in place oSp and;),. 



(f) Confidence limits for the increase infrequency of a rare event 
Given arc two samples of sizes AI, and A^j in which the fairly 
rare event E occurs with a relative frequency of p, = Xi/AI, and 
ft j = Xj / Nr respectively. The samples should be so numbered that pi <pf 
The estimate of the proportionate increase in relative frequency from 
sample 1 to sample 2 is then 


ProCi- 


pi~Pi 
Pc 

with the (1 - 2a) confidence limits for J‘i-oc ,-»j 
. I < Proe i-^r < .6 - 1 j- 1 




(831) 


( 832 ) 


where k ~N,INt and p,. and pi are obtained from the ta 
confidence limits for js of the binomial distribution on page: 
103 for AI = x, +x, and x = x,. (831) and (832) arc convet 
percentages by multiplying by 100. (832) can also be calcula 
this way when only the ratio A^,/Af, and the absolute numb 
and Xj ate known. Interpretation; When the left limit of (I 
zero, then no increase in frequency has occurred. 


24, Rank tests 
24A. Ranking 

(a) By magnitude (continuous distributions). Given arc 
samples 1 and 2 with the x, values 1.06, 1.53, 1.68, 1.68, 1.69; 
and the Xj values 1.30, 1.55, 1.69, 1.80. These values arc rank 
follows: 


X, 1.06 1.53 1.68 1.68 1.69 1.69 \ 

Xj 1.30 1.55 1.69 1.80 

Oi,r 1 23456888 10 f 

= (7T8T9)/3 J 

With ties [cf. (346)], the procedure is as in (833) : tied values ) 
within a sample receive successive rank numbers, those be- I 
tween the samples the mean of the two rank numbers at the I * 
position concerned. ' 

In the above example, the rank numbers O, of the x, 1 

values are O, = 1, 3, 5, 6, 8 and 8, and their sum T, = SO, } ( 
= 31. J 


With paired observations, the n pair differences d, are calcu- 
lated as in section 16D, page 173, with all di values equal 
to zero ignored and Ai^ reduced accordingly. The . 

values of these differences are then ranked and cither the ' 
rank numbers of all negative differences summed to give 
71 or those of all positive differences summed to give 7),. 


(b) By order in a series (discrete distributions). If in a series 
of N trials the event E occurs once each in the 2nd, 3rd, 
8th and 13th trials, in all Ni times (for example 4 times), 
then Ox = 2, 3, 8 and 13 respectively and the sum of the 
Ox numbers = 7^ = 26. 


(8 


24B.The Wilcoxon test for two samples'’®'®^ 

Given arc two samples from continuous distributions of any fo 
with means (t, and u, respectively. These arc so numbered t! 
Ni g 25 and Nr g 50. The x, values arc now ranked as in (8! 
and (834) to give the sum 7", of (835). 


The significance limits for T", are given in the tables on 
pages 124-127. If 7) attains the significance levels or exceeds 
them in the outward direction from its expected value, then 
this may be regarded as evidence that 


one-tailed test: 


M-i< u,. if r, g 7] (S a) 
tsi> Ui, if 71 ^ Tlfg o) 


} (83 


two-tailed test: u, if 7) g TJor 7) S Tlfg 2a) 


Cf. also section 9 C, page 157. 


Under the null hypothesis, the expectation T, of the cstima: 
71 is 

Ti^Ni(Ni-hN, + \)IZ or (») j 

6T, = 3M(F/i + M + 1) (>’) 1 

and the variance oj., = A^, !r,/6 or (») 1 

o.*r.«6Mr. (h) 1 

For samples outside the scope of the tables the following tes 
quotient can be used 

(Ti - Ti) 1 or (6 r. - 6 T.) / 1' o S x. (>) W (81' 

Significance limit <•„, page 28. 


24C.The Wilcoxon test for pair differences^' 

(Cf. section 9C, page 158) 

The sum T- is calculated in accordance with (834). The number of 
ranked pair differences is denoted by n (all zero values arc ignore ,• 
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Significance limits foe the sum 21 are given m the table on 
page 128. If the differences have been calculated as — 
x,|— X|, and the sum 71 cltaini the significance limits ot 
lycifilt ihrm in tht eulward dirtelwn from the eapected value 
of r., then It follows that 

;i, > )!,, when 71 2 7i a) 

, 11 , < 11 ,, when 71 ^ 7*, (£ 9 ) 
t»» |a>. when 71 g 7| ot 71 g T, 

(S29) 


one-tailed test, 
tao-tailed test 


(MV 


Under the null hypothesis, the eapectattonT. of the estimate 71 is 

T,-«(e + l)/4 (8«) 


oJ_-(2)i + l)r/6 (SM) 

Tot samples outside the scope of the tables the following test 
quotient can be used , 


(r.-r.)/^^_ (MS) 

Significance limit t,, page 28 


It for chance order m aeries^* 


24E.The maximum test for pair dln'etenccs^'-'’* 

(This name was proposed by E.VCalte*. The ictt is described 
hen since it Is also useful for assessing setics, though by a method 
different to that of the Wilcoxon test ) 

VC'ith paired observations from runZ/nson/ populations of anyfotm 
the pair differences d, are calculated as in section iCD, page 173. 
All zero values of d, are excluded and the remainder arranged in 
the order of their cbiolule njagmiudis If two differences of equal 
absolute magnitude but opposite sign appear, then in order to be 
on the safe side these are so arranged that any runs of the same 
sign ate as small as possible The k differences with the highest 
absolute magnitude and the )ami sign are then counted 


The significance probability for a difference between the 
two senes of measurements (two-tailed test) is then 2 a *> 
(H)*-‘,thatis. 

5 00625~01 

6 003125~005 

8 0 0078125 ~001 

II 0 0009725 ~0(»I 

Examplt 73. The series + 3 2, + z u, + 1 u, + 1 u, + 0 7 , + u 5, 
—0 3, +03 (note the awkward position of — 0 3) results in a sig- 
nificance probability of 2 a ■>•0 05 


0 03125 ~ 0 05 
0 015625 -0 02 
0 00390625 — 0 005 
0 00048625 - 0 0005 


question whether the mortality m, or success of, a paiiicular oper- 
ation m the tamt hospital is meteasing or decteasiog, and soon 
The test was developed by IUidanb for such problems indepen- 
dently of’K'lLCO’tOS 

(«) lanUtgahon tf a )trn: Tg is calculated as ift (tJ7) Ni is the 
number of trials (births, operations, etc ) in which the event E has 
occurred TV, ts 77- TV,, where //is the total number of truism 
the series being investigated 

The iigrufieanee limits for Tt ste the same si those tn sec- \ 
tion24B, the Interpretation, however, is completely dif- 
ferent OnHailtd lilt If r, attains Of exceeds the /»// limit, I 
then the frequency ^ffrrjrt/ with inereising liteneii in the > (M4) 
letici, if K attains or exceeds the limit, the frequency 
mereases Ta-a-tailid ittl The order has tn influence on 
the frequency ' 

If all the events in the senes einnoe be speeifled, the following 
sequence, for example, may arise 
Trial 2 3 4 5 6 7 8 9 10 11 12 
+ +?_^.? + -+ ? + 

Og 59 

O, 4 7 11 

and the tables on pages 124-127 can no longer be used 
cases the test criterion (Mtb) is used, with 

6 r, - 6 E 0, (*) 

6r, -6N,AIN (1>) 

oir, -36TV./V,(TV5-y4»)/TV»(//-l) (<> 

A -Ar(iV+l)/2-SO, (<») 

B -TV[1 -fiV(2TV + 3)1/6 -EO5 {«> 

If all the events ate specified but the sample exceeds the scope of 
the table, then equations (IJtb) and (M9b) can be used m eosl- 
lunciion with (Mib) 

Wlmt/igalioti af rntral imti ar tampln fren Ihi lamt popaUlim 
The5ucces$iTeoffsptingofl,2,3, . w mothers, for example, 
are to be investigated in respect ofa childhood disease that sppears 
10 be commoner among Uler births 
The lest criterion (MIb) is used, with 

6 r - E 6 r. 

6 T - E 6 T, 
olr-SoJr. 

6 T, and are calculated from (IJtb) and (M4b)orfrDm(MSb) 
and (M8c) respectively, according to whether all the events in the 


(Mt) 


(B4T) 

In such 


(•<•) 


2S.T«stlno for non-randomnost 


2$A.The mean-equate successive differenced^ 

The mean-squate luecesiive difference 8* is defined as 

" TV^T ^ ^ ” **** sample (851) 

the sample originates from e normally distributed population. 

Expectation of 8*- 2 e* (8S2) 

i*l2 IS thus an unbiased estimate of o' with 
EfReiency - 2/3 (I + 1/(3 TV - 4)) (IS)) 

tot^/li^ u w !^**^**'*”'^** iherefote unity; forTV-*- «)(aiymp- 
Mm ” » calculated on the 



2 (’fi “ *)• 


(854) 


IS therefore an indication ofa possible non 
mean of a narmaj// d,:tnbatid population 
Sigtuficancc limits for v< IT,. 


i-random influence 1 


ithc 


>!i,>!,-2T2If.l 1 / TV- 2 

' K (7V-1)(7V+1) 

25B Settal cortelailon" 


(es4- 
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l;nown as the laR For / -i- /; > N, in the cyclic definition. 

1 or nirtlicr details the reader is referred to the literature 
NV ith the cyclic definition, serial correlation is a sensitive instru- 
ment for rcvcalinR petiodic influences on a population (or sample 
when the population is .stable). 

A measure of the serial correlation witit lag h is the serial corre- 
lation cociheknt Iff,. Its estimate is 


.V| — S!X, A.' ( 


(857) 


As with other correlation cocfTicicnts, its vnhe lies between — 1 
and -1- 1. 

^ The right-hand t.ablc on page 58 gives the significance limits for 
A’a " 0 (when /i r-, 1) on the assumption that the samples are ran- 
dom^ samples from a normally distributed population. The ap- 
proxim.atc limits (N> 75) have been calculated from 


R„Rr 


1 


{N number of values .v, included in the calculation) 


(858) 


with empirical correction at the transitionfrom exact to approximate 
valucs.With this approximation the user remains on the safe side. 

For lags other than 1 the same levels can be used, provided that 
/) and N do not possess a common factor. The latter is always the 
ease when Af is a prime number. In practice these conditions can 
be met by deleting one or more individual sample values. 


2SC.Runs up and 

If .Vi, A'l, .... A'iv are individual sample values from a 

continmts population of any form, then a run up of length 1 is de- 
fined as the sequence >?,-?- a'h. i when JC) i — a, > 0. For runs down, 
Xn-i — .V, < 0. A sequence of three runs up of length I is calied a run 
up of length 3, and so on. 

If the sample is a random one not subject to cyclic or constant 
non-random influences, then the runs up and down should present 
a random picture, that is to say, there should be no regular runs and 
not too many long ones or too few short ones. 


Runs up and down can be tested by means of the table at the foe 
of page 330. Thus a run of length 5 in a sample of size iV = 9 fo 
example, is not likely to be random (a = 0.01). In the s.imc wsy 
sample of size A/ = 12 is not likely to be a random sample when n' 
run of length 2 is present (significance probability 1 - 0.99 = O.Ol) 

The number I (/ j Al) of runs up and down of length / and tht 
number / (/ -h 1 Al) of runs of length I and longer can be regarded a: 
normally distributed from N ^20 onwards. This can be tested bi 
means of the quotient 

(^ — / l^i significance level 1 ], page 28 (85?, 

The expected value I and the variance oj arc functions of AT; 
appropriate formulae are to be found in the literature To some 
extent their calculation is a tedious operation. The two tables (8J0) 
and (861) above give values up to the length usually found in prac- 
tice; they also show clearly how o’ for greater lengths converges 
rapidly toward the e.xpccted value I. It follows from (789) that the 
distribution of tuns up and down very closely approximates, for 
runs of greater length, to a PorssoN distribution (or to approxima- 
tions to a Porssotr distribution) with \ = I. 

25D.Runs above and/or below the median'’^ 

Runs above and/or below the median can be tested by means of 
the table on page 130, where a brief explanation of the method will 
be found. 


25E. Runs in samples from binomially distributed populations 
in which the probabilities J> and q are unknown 

The definition is as follows; 


(Time) 

1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

Series (I) 

A 

B 



A 

B 

B 

A 

B 

A 

Series (11) 

A 

B 

A 

B 

A 

A 

B 

A 

B 

A 

Series (III) 

A 

A 

A 

A 

A 

A 

B 

B 

B 

B 


Each of the series (J), (13). (Ill) has a size A3 = 10 and contains 
A/i = 4 A’s and A/j = 6 v4’s (provided that A/ = Af, -f A/j < 40, the 
smaller number is denoted by IV,). in these series the underscored 


Expected value X (/ 1 A/) and variance of runs up and down of length / 


Length 

Expected value t 1 A') 


1 fiance 

T(/jA0-fc 

1 : 

' Remarks 

j ! 

Exact 

1 Asymptotic 

i r(/|A’-»-r(l -8 lAO X (■ 

; (At-^ oo) 

o’ - o'’ 

/ 

a 

t 

f 

d 

e 

j Note ; 

1 

A.\& X 10-’ 

-8.3 xIO-' 

6.25 X 10-> 

1.016 

- 0.3972 

' — for b and t 1 

2 

1.83 X 10-’ 

2.3 X 10-’ 

2.75 X 10-’ 

0.614550 

-0.01943342 

- for f j 

3 

S,2l X 10-* 

1.305 X 10-' 

7.916 X 10-’ 

0.794215 

0.00678218 

i 

4 

1,15079365 X 10-’ 

4.12698413 x 10'» 

1.72619048 X 10'’ 

0.935800 

0.00083924 

< 

5 

2.03373016 x lO-* 

9.A7420634 x 10-’ 

3.05059524 x lO-* 

0.985361 

0.00004629 


6 

3.03130512 X lO-’ 

1.73059965 x lO-s 

4.54695767 x lO"* 

0.997338 

0.00000156 

! 

7 

3.91313933 x lO-* 

2,63999118 x 10-* 

5.86970899 x 10-’ 

0.999595 

0.00000004 


s 

4..15927529 x 10-» 

3.46721180x10-’ 

6.68891294 x 10-’ 

0.999947 

0.00000000 


9 

4.S51 13302 X 10-’ 

4.00416199 X 10-* 

6.82669953 x iO-^ 

0.999994 1 

0.00000000 


to 

4.20746948 x 10-' 

4.13038607 x 10-’ 

6.31120422 X 10-’ 

0.999999 , 

0.00000000 

- — 


Expected value X (/ -f ! AO and variance of runs up and dotvn of length I and longer 


Ijcngth 

Expected value T {/ 4- J N) 

Variance 

o* - J (/ + 1 iV) + f 

( Asymptotic 

T(/ + |JV)-<tiV-5 1 (iV->l.) 

1 + 

1 

5 

(> 

7 

8 

9 

10 

L-ii- 

6.6 xlO-' 

2.5 X 10-’ 

6.6 X 10-’ 

1,38 X 10-’ 

ijmi X ID-* 

3.472 X 10-‘ 

4.40917108 X 10-* 
4.96031746 xl0-« 
5.01042167 xlO-’ 
4.59288653 x 10-’ 
3.85417052 x 10-» 

b 

3.3 X 10-‘ 

4.16 X 10-' 

1.83 X 10-' 

5.27 X 10-’ 

1.1507936S X 10-’ 
2.03373016 xlO-’ 
3.03130511 xlO-* 
3.91313933 xlO-’ 
4.45927 5 20 x 10-* 
4.55113302 x 10-’ 
4.20746948 x 10-’ 

c 

1 

3.75 X 10-' 

1 X 10-' 

2.083 X 10-’ 

3.57142857 x 10-’ 
5.2083 X 10-* 

6.61375661 x 10-’ 
7.44047619 x 10*' 
7.51563251 x 10-’ 
6.88932980 x 10-‘ 
5.78125578 x lO'* 

tf ! 

0.26 : -0.23 

0.316 ! 0.072 

0.710847 : 0.01729497 

0.917857 1 0.00147817 

0.982145 1 0.00007053 

0.996871 ' 0,00000220 

0.999535 i 0.00000005 

0.999940 1 0,00000000 

0.999993 1 0.00000000 

0.999999 j 0.00000000 

0.999999 1 O.OOOOOOOO 


i Remarks 

j 

{ 

J 

I Note 

j - for f 


[ 

i 





(8«t) 
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« in each case form a tun. The total number of ruta / « 7 in 


.) If the left limit is attamiS or txittM, then 
IS significantly less than I (significance probability a) or 
differs Significantly from J (significance probability 2«) 
a) If the right limit is altamiJot txttiAJ, then 
IS significantly greater than I (significance probability o) or 
differs significantly from J (significance probability 2«) 
c) If / lies between the limits and etUint ntithtr, then the null 
lOthesis cannot be reiected 

-or Ni and yalues outside the scope of the table, the test 
Dtient (8S») can be used m conjunction with (Ii8a) and (t48b). 
(ptcItJ falutr anJ irariaiictt 

for the number of runs of length/of the event 1 that has occuned 
3tsl of times (Ws •» number of events 2 , Af,+ Wt) 


N\ (N,-/)t 

. ,r. „(N-2/-2)!(M-/)n 

id asymptotically for higher values of N 

r>(l\N„N,)-Np'9' 




(b) 


for the number of : 
/,(/+i//,.A^,)-(A^,+ I) 


of length I and /<i"g<r of the e' 
N,HW-/>1 
Wl(N,-Ot 


page 129 (cf. section 25 E) or, for samples outside the scope of th 
obfc, by means of the test quotient («$>) in con) unction with (Mi 
and b) or (88f a and b). 

7/. Ranking and determination of runs (1, 2, ...uhe: 
a rank order): 

Sample 1 1.55 1.58 1.70 1 92 i20 2 2I 

Safflple2 1.91 1.93 2 00 2J0 2.‘ 

O,., 12 3 ^ S_ 6 7 8 9 10 1 

Runland2 1 111 1 1 

Toal tuns 6, N- 11. M -= 6. M 5 
If the total number of nina allamt or patset the /e/l limit (on 
this Unut canbe used in this test), then the samples do not onguu 
from the same population (significance probability 2 a). 

25G.Rttns inaamples from binomtally distributed populatio 
in which tbeprobabiL'tiea/iand are known 
ExpMtJ taJatt ani poriaUM 

- for the number of tuns of length / of the event 1 the probabd 
of whose occurrence itp (q \ —p) 

I,(/-N\N,p) -pf 

o* -I(l-J) I 

■r.(/<7S7-l|^V.i»)=p'9t(Ar-/- 1)5 + 2] {c>« 

«* -Z(l~J) + o(Ar./) (i)n 


[ ’(N-/)I(N,-2/)tl 

ind isympiotieally 
A(/+IA^i./7,)-A>‘4 

I 7 <7. 

- for the total number of all runs of the event I 
/i(total I (t + 1 At., At,) - 




-0;2/SAf («)»o 

-7>''9’l6+6(At-2/-2)5) 

+ (Ar-2/-2) ’ 

x(JV-2/-3)9»]. 

2^27£A'-2 


■ 2j>t''‘9, iVodd 


|cf)»e 

(g)*9 


(8 


and asymptotieally when N - I- 
Z.{/|N,j>)-Wj>' 9’ 
o* -j|l- 


3,V[2(/-f)+l]} (bjaej 


W 


<b) 


0- 

A--.! 
and asymptotically 

Zi(fo«al — J(1 + 1 NuNi) — A^ Ipandy (»)| 

- for the total number of all runs of events 1 and 2 

'...(loi.l N..A',)- 1 wj 

Jj— j «■>) 

and asymptotically 

(total At..A’J - 2A>tf 1 . Wl 

The total number of ah runs of the event 1 canbe tested euedy 
(within the scope of the fables on pages 109-123) by means of the 
fourfold table test*' 


{b)*» 


(e).e 

[W)*# 


A 

M - A 

TV. 


'. + 1 - 

/, - 1 

TV, 

(870) 

A’,-1-1 

A', - 1 

N 



- for the number of runs of length / and laaitr 
Z. (/+ 1 J>>- J>' ((N- /) o + 1] 

«• -•*‘(i-j) + i;(a;/) 

HN.l) -0.2/>A/ 

HKi) -7»"'r(2V-2/)[2+(A'-2/-l)5i 
2S2/£iV '' 

and asymptotKally when Af — /->.oo 

Z.(/+|A'.j»)_7/y><5 (.j„. 

"• -Z[l-i>«5(2/+i)] 1 (I 

- for the total number of runs of the event 1 

Z,(totaltjV.j»)»2»[(Af-l)5 + l] 

o*-Z(l-Z) + {At-2)ia'9[(;y-3)5 + 2] (b)« < 

and asymptotically ‘ 

I , (total I U, j,) - Npn _ 

o' -Z(1-3J.5) ^'|(87 

- foe the total number of runs of events 1 and 2 
Z,„(totalliV.iJ) = 2(Af- l)i>5 + 1 

o’ -2l>9{2[Ar-.(3Ar-5)/»5)_3} (87 

and asymptotically * 

Z,*,(total j N,p) - 2Nvn 

o' “Z(2-3/.9) ‘ («7 


25F TheWald-Xlol/owite test** 

CiTen are two samples from emimimt populations of form. 
These are tanVed as in (8JI) and the total number of ail suns (a run 
being defined as the occurrenee of smiti'nt tank numbers in a 
sample) counted. Testing is earned out by means €>f the table on 


ia)TMj>rsiai,/,littp„lt, . 
ExjiffltJ ra/mj aid varumitt 
— for the total number of tun; 
local of iV( times 


are inkyiow)! 

I that has occuri 
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(total I N,, N) - 

r<.-" 

A^-1 

nnd asynipioticnJ))' 

Ti (tot.il ) At,, r. A^;>, (1 - A) I JV, (a) 1 

o’ -jrvAt r‘” jv' 

- fot the total number of runs of all events 
asymptotically 

l-(totnl,iV)-Ar(l-p>) (a) a 

o* -At[S;)J-2SA’ + (S/)*)’J J 

When Ni^- • • • ra Ni. = iV,, (bbI) becomes 
JT (total) A/'(l — />) ) (a) 1 

= ;;j (882) 

(i) 7V?r probabilitits Pi are knot^’H 
Pi is the probability that the event / will occur. 

Expectfd Vah/ee and rariances 
~ for the total number of runs of the event / 

X,(total |A?,i>,) >=jr2,[(At- 1)(1 -ii,) 4- 1] (a)' 

o’ >= JVpi (1 - 4p, + 6p!-3pf) + l ... (a83)« 

+ 3>J(3-8jJ,+ 5j(>’) 

[Formula (883) is identical with (875) when, in the latter, J> is replaced 
by Pi] 

and asymptotically 

r, (total I iV, Pi) = Np, (I - p,) (a) 1 

o* -X[l-3jfi,(l -!>,)] (fa)l^ 

- for the total number of tuns of all events 
asymptotically 

J(total) = iV(l-S2»?) '’M(885)« 

o’ =Ar[S3>J + 2E3)?-3(S2>’)’] (b) / ' 

When px =Pt^ ••■Pt ~P ^ (885) becomes 

X(total) = iV(l-J>) 

o» ==pr (b)/ 


26. Sequential analysis 

Sequential analysis is one of the more recently developed statis- 
tical methods, and its use in medical trials is increasing®'. Itis illus- 
trated here by two charts that enable a comparison to be made, 
for example between two drugs, without calculation. 

Example 75. The effect on patients of drug A is to be compared 
with that of drug B. Two patients are selected, the toss of a coin 
deciding which one is to receive drug A and which drug B. They 
should receive the drugs simuUaneottsly or in quick succession. The 
result is given one of the three ratings 

Drug A better Drug B better No difference 
If drug A is better, a cross is made in the square immediately abore 
the black square in the charts (Figs. 49 and 50). If drug B is better, a 



cross is made in the square immediately to the rigiit of the t 
square. If there is no difference, no entry is made in the chart 
second test is then made in exactly the same way with two diffe 
patients and the result entered in the square above or to the rigl 
that rnarked in the first test, and so on for successive tests. As soc 
a barrier is overstepped one of the following decisions can be m-. 

(a) upper barrier overstepped: drug A is better 

(b) lower barrier overstepped: drug B is better 

(c) middle barrier overstepped: no difference demonstrate 

The significance probability fot (a) and (b) combined is 2«. 
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Notiraliiunnlilcj.siamlarcldcvbiion 165 

- «(;rcssionj, first kinit 17480, 

- KcomI kind 179 sq. 

- samples, nndliypothcllcalpopukition. 171,172 

- comparison of two 172 173 

“ disln., samples, tcstintioftcvcral 173[l74 

sju.imlles, standard deviations 165 

- Idvnriatc I79 jq, 

- logarithmic 

“ slandatdijcd 162 163 

- - iat>lcs 29-31, 43-55,58-651 162 

Normal ranpc 454 455 

Null hypothesis ’157 


OrihoRonal rcRrcssion coefficient 73B 


Pairdiffcrcnccs, tests of .. 158,161,173,192.196 


Iktramctcrs 159 sq. 

- Sec also hfcan. Mode, Quantiles, Variance 

I’erccntiies 49S 

I’otssoft distribution 187 sq. 

- addition theorem 786 

- arc-sine transformation 769 

- and binomial distribution 186 

- and x’ distribution 561-563 

- confidence limits, tables 107, 108 

- Confidence limits and significance limits ... 189 

-parameters 188 

- and hypcrgcomctric distribution 814 

- samples, frequency testing 192 

- significance limits, table 128 

-transformations 188,189 

Populations, definition 318 

- infinite 327, 328 

- normally distributed. See Normal distribution 

- unknown and hypothetical 464-466 

- Sec also Distributions 

Power of significance tests 157 

Probability, definitions 324, 350-423 

- symbols 349 

- continuous distribution 151 sq. 


- cumulative, of binomial distribution . 184,185 

. Jl.kVlUltO-SAn 


744 

805 

■ of Poisson distribution 784 

’robability density function, definition 400 

• ofx* distribution 554 

. 57! 

532 

• ot normal 506 


- of standardized normal disfribuf/on 5J0 

- of Student distribution 549 

- of /'distribution 549 

^robits, empirical, calculation 164 

’robitline, fitted, calculation 164 

• regression 179 

•transformation 163,164 

• ~ tables 54, 55 


Quantiles of continuous distributions .. 160,161 
' distribution-free confidence limits 104,161, 187 

• of samples, standard deviations 165 

Juartilcs 499 


landom events 321 

numbers, tabic 1^1 

• variables. Sec under Variables 

Lanks, definition 3^2 

lank correlation coefficient 181 

tests 192,193 

Lanking of samples 192, 342, 501 

[ccursion formulae, for binomial distribution 745 

for hypergcometr/c distribution 807,808 

for Poisson distribution.. 785 

egressions of 1st kind 174 scj. 

of 2nd kind 179 sq. 

logit and probit 179 

Icgrcssion coefficient, testing against zero .. 177 
orthogonal 

:egrcssion functions 1'^ 

testing for linearity 176,1// 

Icgtcssion lines, 1st kind, comparison . 178,171 

• - estimates of parameters 

- estimates of ae, given, 177,3/8 

-parallel ,••••• 689-692,698-701 

loot-mcan-squarc deviation. See Variance 
funs, above and/or below the median 

' hfsamplTftombinomiai distributions 194,195 

. in samples from multinomial distributions. 195 
-fourfold table test for 

- length of nn 

- significance limits for total • • 


194 

194 


Samples, definition 322 

- distributions, populations and ........... 329 

fitting normal curves to 163 sq. 

- ranking of 192, 342, 501 

- from binomial distributions, frequency test 191 

size for given probability 187 

- grouped, estimates of mean and variance ..160 

- “ fitting normal curves to 164 

• — and JognormaJ distribution 544 

- from normal distributions, standard devia- 
tions of quantiles., 165 

■“ from normal distributions, and hypo- 
thetical population ... . 171,172 

- “ tests for several 173, 174 

tests for two, using extreme range 173 

- from multinomial and Poisson distribu- 
tions, frequency tests 192 

- ungrouped, mean and variance esti- 
mates 159,160 

- fitting normafeurves to 164 

and lognormal distribution 543 

Sampling, from finite and infinite populations 357 

- random. 320 

- with replacement 328 

Sequences, random 323 

- testing of 193 sq. 

- ranked 342, 192 

- testing of 192,193 

Sequential analysis 196 

Serial correlation 58,193,194 

SiiEprARD^s correction 498 

Sign test 158,159,161 

-tables..,. 104-106 

Significance limits 152,156,157 

- convergence 462 

- of binomial distributions 186, 187 

- of continuous distributions, one-sided 409, 41 0 

two-sided 417 

- of discrete distributions, one-sided . . . 376, 377 

- - two-sided 390 

- of hypcrgcometrical distributions 109-123,191 

- of normal distribution 58, 61 

- of Poisson distributions 189 

- in WiLCoxON test 124-128, 193 

- for runs, table 129 

Significanceprobability(a,2a) . . . 376-379, 384, 

390, 391,409-412,417-420 

- Sec also under Tests 

SPEAR.MAN correlation coefficient 181 

Standard deviation. See under Variance 
Standardized extreme deviation 594 

- extrcmcrange 586, 588 

- normal distribution 162,163 

- variables 489 

StatisticalJysignificantdiffcrenccs,mc3ning . 159 
Stochasticconvcrgcnccof estimates 153 

- dependence of events 358,361 

- independence of events 359, 361 

Student distribution 166 

- tables 32—35, 42, 165 

-test (/-test) 158,159,599 

‘Studentized* extreme deviation 170 

- extreme range 370 

Sums of squares 493, 634, 636, 643-654 

Symmetrj' of normal distribution 161 

- of samples 1^2 

/-distribution (Student) 166 

/-test (Student) 158,159, 599 

Test, Bartlett’s 621,622 

^ 598 

- chi-squared (x*) 558, 565-569, 584, 

721.791,825-828 

- for normal distribution 163-165 

- for Poisson distribution 188 

- for chronological order cflcct 193 

- of correlation coefficient r 179,180 

- of serial coffckition coefficient. . ..... 857, 858 

- of Spearman correlation coefficient 181 

- Duncan’s 627-630 

- of extreme values 170,171 

605 

- fourfold table. 191, 870 

- of frequencies 191,192 

- for goodness of fit 566, 567 

- Haldane’s. 193 

158,159,600 

Iimximun;;:; 

- midrange '58. '59, ®0I 

- for non-randomness ' 

- one-tailed and two-tailed '5/,l5» 

- of pair differences 158,161,173.192,1% 

-ofranks 

- rapid (normal distribution) 


Test, ofregressions of first kind IT 

- ofregressions of second kind 181 

- for linearity of regression functions .. 176,17/ 

- of runs 194 

- of chance order in series 193 

- of samples, from binomial populations.... 191 

- - from multinomial populations 192 

- from normal populations 173 

- from Poisson popuiations 192 

- sign 158,159,161 

- significance 156 sq. 

for correlation coefficients 180 

for regressions of second kind 181,182 

- for symmetry 162 

-/-(Student) 158,159,539 

- for two samples using the extreme range . . 173 

- two-by-two (fourfold) table......... 191,870 

- of variances 173 

- Wald-Wolfowitz 195 

- Walsh 158, 159,602 

- WiLCOxoN, for pair differences 158,192 

for two samples 192 

Tics 346 

- ranking of 834 

Tolerance ellipse ofregressions of 2nd kind . 737 

- limits (factors, intervals) 154, 155 

- — convergence of 449 

- distribution-free 128,155,156,187 

- - of continuous distributions 152 

of discrete distributions 150 

- of norma] distributions 44-46, 169 

of regressions of first kind .... 669, 670, 674 

- ofregressions of second kind 737 

Transformations 159 

- arc-sine. See Arc-sine transformation 

- of Correlation coefficient 160 

- See also under Approximations 

Tries 319 

Two-by-two (fourfold) table test 191 

Unbiased estimates of standard deviation. ... 170 

Variables, definition 317 

- and events 147 

- ‘atomic* or ‘granulated’. 344-346 

- continuous 343 

- dependent and independent 179 

- discrete 341 

- random 339-346 

- standardized 489 

Variance(and sandard deviation) 153 sq., 161, 162 

- analysis of (normal distribution) 173,174 

- Bartlett’s test for 621,622 

- and X* distribution 565 

- confidence limits for 565,584 

- convergence of 432 

- coefficient of 485 

- estimates of, based on grouped samples ... 160 

based on ungrouped samples 159 

unbiased 494,170 

- and extreme range 1"0 

- F-test for 855 

- and mean-square successive difference 852, 853 

- and probit line 

- and Chebysmef inequality 486 

- of binomial distribution 1S4 

- ofx* distribution 555 

- of ^-distribution 572 

- orhypcrgcomctricdistributJon 812 

- of the mean 484,495 

- of normal distribution 161,171,172,173 

— • confidence intervals for 169 

- of Poisson distribution 787-789 

- of the population 1-^^ 

- of rank sums (Wilcoxon) 1^“’ 

- m regressions 

- n, 

- of samples ‘‘ 

and X* distribution 865 

Variation, coefficient of 

Wald-Wolfoxsttz test 175 

WAuiuest 

Wilcoxon' tests 

- rabies 

--distribution 

^-transformation (of corrchtioncoeiTieient) . ' ' 
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Kortral tiuamilcs, sumhrd deviation J65 

- tfRressiont. first hint] !7.(sq. 

second kind... 179 jq. 

~ samples, nnd hypothetical population. 171,172 

- comparisonoflsvo 172 173 

- tli5tn.,s.implca, testing of several 173|l74 

quamilcs, standard deviations 165 

-hlvsrhtt 179 jq, 

- loptithmic 1^5 

- slandardircd 162 163 

- “ laWcs 29-31, 43-35.58-65! 162 

Normal range 454,455 

Null hypothesis I57 

Orthogonal regression coefficient 738 

rairdificrenccs, Icstsof . . 158, 161, 173, 192, 196 
I’arametcrs 159 jq. 

- Sec also hfcan. Mode, Quantiles, Variance 

Percentiles fgg 

Poisson distribution 187 sq. 

- addition theorem 788 

- arc-sine transformation 7S9 

- and binomial distribution 186 

- and x ' distribution 561-563 

- confidence limits, fables 107, 108 

- confidence limits and significance limits... 189 

- parameters 188 

- and hypergeometric distribution 814 

- samples, frequency testing 192 

- significance limits, table 128 

-transformations 188,189 

Populations, definition 318 

- infinite 327, 328 

- normally distributed. See Normal distribution 

- unknown and hypothetical 464-466 

- See also Distributions 

Power of significance tests 157 

Probability, definitions 324, 350-423 

- symbols 349 

- continuous distribution 151 sq. 

- cumulative, of binomial distribution , 184,185 

- discrete disttiburion 148 sq. 

- individual, of binomial distribution 744 

of hi’pergeometrie distribution .... 805 

- - ofPotSSONdistribution 784 

Probability density function, definiuon 400 

- of X* distribution. 554 

- of /^-distribution 571 

- of lognormal distribution 532 

- of normal distribution 506 

- of standardired normal distriburion 510 

- of Student distribution 549 

- of /-distribution 549 

Probits, empirical, calculation 164 

Probit line, fitted, calculation 164 

- regression 179 

- transformation 163, 164 

tables 54, 55 

Quantiles of continuous distributions .. 160,161 

- distribution-free confidence limits 104, 161, 187 

- of samples, standard deviations 165 

Quartiles 499 

Randomcvcnts 321 

- numbers, table 131 

- variables. See under Variables 

Ranks, definition 342 

Rank correlation coefficient 181 

-tests 192,193 


Recursion formulae, for binomial distribution 745 

- for bypetgcomctric distribution 807,808 

- for Poisson distribution 785 

Regressions of 1st kind 174 sq. 

- of 2nd kind 179 sq. 

- logit and ptobit 179 

Regression coefficient, testing against aero . . 177 

- orthogonal 738 

Regression functions 174 

- testing fot linearity 176, 177 

Regressionlincs.lstkind, Comparison . 178,179 

- estimates of parameters 174sq. 

- estimates of w, givcn_y 177,178 


Roor-mcan-squarc deviation. See Variance 

Runs, above and/or below the median 194 

- uptmd down IW 



; of Measurement Symbols 

(CoRibuucions ind multiples of Sy> 
Page 

(setigesimal) minute 207 

(setagesimal) second 207 

degree 207 

sqoaredegree 207 

right angle 207 


are 203 

atto-(lO-) 9 

year (astronomy) 206 

atomic mass unit (old) 227 

apothecaries’ (measures) ... 205 

apostilb . . 223 

technical atmosphere 212 

physical atmosphere . . . . 212 

avoirdupois (measures).. 205 

ampere 215,216 

astronomical unit 200 

ingstrom . 200,202 


, . 202,203 


bushel 

Itu British thermal ui 


centesimal minute 
eenti.(l0-') . 
cycle per second 
15* calorie 

Inr Steam Tableealotie 
ihetmoehemieal cslone 
etntesimal second 
candela 
chain 

mettle horsepower . 
reciprocal centimetre 
hundredweight 
coulomb 

degree Celsius (Centigrade) 
curie 


deei.(10-‘) 

day 

decs- (10') 
decibel 
dram, drachm 
dry pint 
dry quart 
pennyweight 


eltttrostaiicunit 
electron volt 
gramme -equivalent 

femto-(10-‘*) 

fathom 

fluid dram (fluid drachm] 
fluid ounce 


hqpr 

jiqqt 


Abbreviations 

ibols like cm, m*, km h"', etc are n 
Page 

farad 216 

degree Fahrenheit ..... 209 

grade 207 

gtamme 204,213 

gallott ................ 203 

gramme-force 2(1 

giQ 204 

grain 204 

gram-force 211 

6> g »-(100 9 

g^ileo.. .. 210 

gilbert. .... • .. •• 216 

gauss 216 

gamma* (nuerogramfiK;) 204 


hecte^(100 9 

hour .. 2)5 

horsepower . ... 214 

henry ... 216 

hetti (cycle per second) 208 


inch ... . 
inch of mercury 
inch of water 


kilo-(l0>) 

lulogramme-focce 

knot 
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liquid pint 
liquid quart 


injlli-(10*‘) 9 

metre 200 

mile , 200 

mmute . . . 205 

rmnim . 204 

millimelteof mercury . 212 
milhnKCte of water 212 
mole . 226 

mega.(10*) . 9 

maawell 216 

micrcv(I0-*).. . 9 

micron* (micrometre) 200 

nano-(10“*) . . .9 

naimcai mile . 200 

newton . 211,216 

wiJ i jmbol thouU nolongef be used 


pdl 

phon 

phot 

Pk 


centimetre gramme second (system of units) 
Comiti Imerrtitional des Poids er Mesures 
International Astronomical Union 
Internationa! Gammission on Radiological Units 


lUPAC Intematioi 

lUPAP 

MKS 

MKSA 
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Page 

osmole 271 

ounce 205 

oersted • • 216 

ohm 215,216 

mho (reciprocal ohm) . 216 


pico-(10"”) 9 

pond . ... 211 

parsec 201 

poundal.. 211 

phon 225 

phot 223 

peck 204 

pint 204 

poise 214 

metric horsepower . 214 


quarter 205 

quart 205 


revolution 208 

roemgen{old) 218 

radian 207 

rad 218 

rod 200 

«m 221 

roentgen 218 

degree Rankine . . 208 

lydberg 213 


second . 205 

scruple . 205 

reciprocal second . 208,213 

stilb 223 

shotchundredueighc . 205 

short ton 205 

tone 225 

iteridian 207 

stere 203 

stokes 214 


metric ton 204 

troy (measures) 205 

‘on 205 

ton-force 211 

teta-(10’') 9 

‘«'a 216 

*0" 212 


atomiemasiunit .. 213,226 

*o!t 215.216 

■"“J* 214,216 



^•“nit 201 

y®*’'* . .200 
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Length 


Units of Measurement* 


Length (/) 


Dimension trs L 
Coherent units 


This newly defined ‘unified’ yard* lies between the former imperial 
yard of the United Kingdom® and the former US yard®: 

1 imperial yard = 0.914398 41 m < 1 unified yard < 

1 US yard = (36/39.37)m = 0.914401 83mtt 


International System of Units: metre (m) 

CGS system: centimetre (cm) 
ft-lb-s system: foot (ft) 

International System of Units (SI units)* 

The base (or ‘basic’) unit of length isthemetre** (m).Thisvasrc, 
defined*" in 1960 as a multiple of the vacuum wave length .1 (®’'Kr)of 
the orange-red spectral line of the atom of krypton-86, as follows: 
The metre is the length equal to 1 650763.73 wave lengths in vacuum 
of the radiation corresponding to the transition between the levels 
2pio and Sds of the krypton-86 atom. The re-defined metre is there- 
fore based on a natural quantity, namely the energy differetjee be- 
tween two electron terms of an unperturbed atom. It foliovvrs that 

A (««Kt) = 6.057 80221 X 10-’ metre 

For the histoi^ of the metre as a unit see the literature 

Sttonilary standards ® 

(a) Vacuum wave lengths of the krypton nuclide ““Kr 
2p, - 5d,' : 6.458 0720 x 10-* m 

2p, - 5d, : 6.422 800 6 x lO-* m 
Isa — 3pio: 5.651 1286 x 10~’ m 
Ist — 3p8 : 4.503 616 2 x 10~* m 

(b) Vacuum wave lengths of the mercury nuclide ‘“Hg 
6tPi-6>Ds:5.7922683 x lO-’m 

6ipi - 6 ’Dj: 5.771 1983 X lO** m 
6»Ps-7’Si : 5.462 270 5 X lO-* m 
6=Pi-7aSj :4.3595624X lO-’m 

(c) Vacuum wave lengths of the cadmium nuclide *'*Cd 
5iPi-SiDj:6.4402480 X 10'* m 

S’Pa-daSi :5.0872379 xl0-’m 
5 api _ 65Si : 4.801 2521 X 10-* m 
5=Po-63Si -.4.6794581 X 10-’ m 


Conversion oj metric units of length 



1 A unit s= ^ B units 
(Jk in the table) 

A 

B 

Name 

Symbol 

nm 

nm 

mm 

cm 

dm 

m 

km 

Angstrom 

A 

lO-r 

lO-" 

10-* 

10-® 

10-® 

10-10 

10-1® 

nanometre 

nm 

1 

10-® 

10-® 

10-’ 

10-8 

10-® 

10-1® 

(millimicron^) 

(mpit) 








micrometre 

nm 

10® 

1 

10-® 

10-4 

10-5 

10-8 

10-' 

(micront) 

(F.*) 








millimetre 

mm 

10® 

10® 

1 

10-* 

10-® 

10-® 

10-' 

centimetre 

cm 

10® 

10® 

10 

1 

10-* 

10-® 

10-® 

decimetre 

dm 

10® 

10® 

10® 

10 

1 

10-* 

10-4 

metre 

m 

10® 

10® 

10® 

10® 

10 

1 

10-’ 

decametre 

dam 

10*0 

10* 

10" 

10® 

10® 

10 

10-® 

hectometre 

hm 

10** 

10® 

10® 

104 

10’ 

10® 

10-1 

kilometre 

km 

10*® 

10® 

10® 

10® 

104 

10® 

1 


* In accordance with a resolution of the 13th General Conference of 
Weights and Measures (1967). these names and symbols, formerly 
common use, should no longer be used. 


Anglo-Saxon systems of measurement 

The primary standard of length in the Anglo-Saxon systems of 
measurement is the.yard (yd), though the coherent length unit in the 
ft-lb-s system is the foot (ft) = 'A yard. Recently the yard has been 
defined in terms of the metre as follows": 

1 yard = 0.9144 m = 1.509 4583s X 10« A (»«Kr) 


» This chapter (pages 200-227) has been compiled in collatoration 
G.Aecker, WidkiTZ, j'.Alaanr-iSbrf.aK-, .'K.y/taKsit 
Braunschweig, and S.Bbiista, Heidelberg. 

*♦ In the USA, ‘meter’. 


Conversion of Anglo-Saxon emits of length 



1 A unit = B units 
(^ in the table) 

A 

B 

Name 

Symbol 

yd 

ft 

m 

mil 

- 

1/36000 

1/12 000 

2.54 X 10-5 

point (printers') (US)t 

- 

- 

- 

3.515x10-4 

line (button) (US) . . . 

- 

1/1440 

1/480 

6.35 X 10-4 

inch 

in 

1/36 

1/12 

2.54 X I0-® 

hand (US) 

- 

1/9 

1/3 

1.014 X 10-1 

link 

lit* 

22/100 

66/100 

2.01168x10-1 

span (US) 

- 

1/4 

3/4 

2.286 x10-1 

foot 

ft 

1/3 

1 

3.048 X 10-1 

yard 

yd 

1 

3 

9.144 X 10-1 

fathom. .... . ........ 

fathtt 

2 

6 

1.8288 

rod (polc» perch) .... 

rdtt 

11/2 

33/2 

5.0292 

chain 

ch** 

22 

66 

2.011 68 X 10 

furlong 

fur. tt 

220 

660 

2.01168x10® 

(statute) mile 

milcltt 

1760 

5280 

1.609344x10® 


* Definition: 1 point (printers’) (US)= 0.013837 in. 
** Symbols in use only in USA. 
ttt Symbol in USA: mi. 


Nautical and geodetic units of length 

The nautical mile is defined as the length of the mean minute of 
arc on the meridian of the earth (mean minute of latitude). Wlien 
the values of the terrestrial polar and equatorial radii derived from 
the international terrestrial geoid^ ate used 

1 nautical mile = = 1852.276 m 

90x60 

In 1928 the International Hydrographic Conference in Monaco 
proposed the following international unified definition®: 

1 international nautical mile = 1852 m 

This value was accepted by all maritime nations (by USA in 1954®) 
with the exception of the United Kingdom, where the nautical mile 
is based on the knot: 

1 Admiralty knot = =6080 imperial feet per hour 

whence 

1 imperial nautical mile (n mile) = 1853.181 m 

She geographical mile (not to be confused with the land, or statute, 
mile) is now based on the equatorial quadrant j 25 (A 4 minutes of 
arc on the equator). When the value of the terrestrial equatorial 
radius derived from the international terrestrial gcoid^ is used 

1 geographical mile = 4 X ®quatonal q^r^r ^gl, 

= 7421.591 metres 

Astronomical imits of length 

In astronomy the unit of length is the astronomical unit (AU). 
is based on a definition requiring some preliminary explanation. 
With the ephemeris day (d) of 86 400 ephemcris seconds (s) as tuw 
unit and the mass of the sun (Ms) as mass unit the undisturb 
elliptical ('Kepler’) path of a planet is charactenVed by 

n the sideral mean daily motion (angular velocity) in rad/d 
m the mass in Ms 

a the semi-major axis in AU xr -i/i 

k the Gauss gravitational constant in (AU)®** rad d"' M? 


t Fomicdy also called ‘international yard’ in English-speaking countnVr. 
tt In the US Coast and Geodetic Survey the foot legally defined tn '"Y j,,- 
JSH36 /US Survey Foot = 12/39.37 m 0.304800609 m) re'a'n^” 
for instance for the basic geodetic survey networks of the United . tare <- 
National Bureau of Standards"). 
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The AU is then defined as that unit in which the quantity a ts 
reasuf ed in Kzpi.E»'a Third Law a* = i’ (1 + ^ (as equation 
jetween numetical values) with the conventionally agreed numeri' 
cal value* = lu*'* = 0 017 202 D98 95 for the Gauss graviiaiional 
constant, tneasured in (AU)>'‘ tad d** The AU ts thus a 

derived unit determined by the units chosen for time and mass and 
the fixed value of the Gauss constant *. It can be described as the 


uis me leasuii luf sjauss s iiieisuieiiieiii ui vviieti uie uisiiau- 
ing effects of the other planets ate taken into account the value is 
10000002 AU. 

It IS still necessatyto express the AU as a multiple^ of the metre 
or some other reference length The former ts obtained duectly 
from radar measurements (up to now mainly of the planet Venus, 
whose distance IS known from the tphemetides), detetmmatiori of 
the solar parallax »• measures the relationship of the AU to the 
equatorial tadius0»ofthecateh The’IAU Systemof Astronomical 
Ginstants' was laid down by the I2th General Assembly of the 
International Astronomical Union m 1964’v assigning conven- 
tionally agreed values to the 'defining' and 'primary* constants In 
this system 

1 AU-zlm-. 149600 X 10‘m 

»• •> arc iin nt) = 8 79403*. with *, = 6378 160 m 

Since radar measurements are measurements of time differences 
the time »a taken by light to travel 1 AU is also given, in the same 
system ii is 

TA - {A m)/f • 499 012 s. with t = 299792 5 X 10* m $'• '• ” 

In stellar astronomy the distances involved are fat greater than 
those of the solar system (> 2 X 10* AU), and mote approptuie 
length units have been introduced, namely the parsec, light year and 



panllax and second) Since p < 0 8* for all stellar patalUxes, paral- 
lax and distinee ate related as follows 

nr^/649000*-t AU 
whence r — 64S000*/(n^) AU 
and r ~ Up pc by delinieton 

Itfollowsthat lpc-643000/RAU -206 264 8AU 
and 1 pc- 64SOOO/nvdm-3 08572x 10** km 

The larger units usually employed are 

I kpc — 10* pc , 1 Mpe — 10* pc 

The /ijl/jvjr (I y ] Is (he distance (ravelled by light m one trop- 
ical year Vthen the valuer of the XAU System of Asttonomical 
Constants'* for the velocity of tight and the number of cpheincris 
seconds in t tropical yeat are used 

1 I y - 299792500 m s-» x 31 556925 9747 s 
-946052973 x 10'* km 

Cot ob)ects whose parallax cannot be (more or less) directly 
mrasuttiJ,theVi(tAArr»>0Ai/iit is used as indirect measute of distatKC 


pcopagition of tight in an absorption-fiee space 
" - M= 5 logi. (r/pe) - 5 - - 5 - 5 log,, (p/*) 

I"®*** — .'f — — S'v.O"', -f-S™, -h 10",... -f2S"(hccottcspond- 
ms distances ate r- 1. 10, 100. 1000. 10* pc 

If .1/ can be determined horn thephysical structure of the ohyect, 
r or p Can be obiamcd from 

•oRi* i'lvc) - 0 J (- - .1/ 5) - - log,, (//•) 


Cemtrwi «f ailronomical unils of kngth^ 



1 A unit — SB unit! (S in the table) 

A 

B 

Name 

Symbol 

AU 

pc 

ly 

light year 

AU 

pc 

It 

1 

2 062 648x10* 
6 323 88x10* 

4 84814x10-* 

3 065 91x10-1 

158131X10-* 

3 261 68 

* Based on the value, otthe aolar parallax and terrestrial equatorial radiui 
laid down by the International Adronomical Union in 1964 '0. 


Spectrometric units of length 
X-Unst 


1 XU = [1/3029 45 J\\l (CaCO,)] 

Thevctygreaticcotacynecessacym X-ray wave-length measure- 
ments (relative uncertainty ft! I0"‘) IS (10 longer met by Siecbahn s 
definiiionofihc X-unit since thenatural imperfections ofthecralcite 
crystal (impurities, lattice defect*, mosaic- or tupecstcaccuce. aur- 


indirect methods of other workers In a later discussion of these 


mean based on the values for constants resulting from the 1963 
adiustment'* (see page 228) Eatlitt. in 1965. a ipittal re-<Ki/«fM» 
of th gttmit torjianii by Coiien and DuMond'* led to a value of 
'* r ' ®°2080 (5 1 - 18x 10-*) based on 4 («’K«i) - 208 577 0 XU 
^ In 1964 BsAaDEN ee al *’ published the results of very precise 


millKn smaller than 
taVmir IfMoKit.l - 


_Jbe ^existing tabulated values'* " 


that 




I* lot the conversion factor A 


(relative probable error ± 5 x 10-*) . 
it *» 1 002076 based on 4{MoKa,) — 707 gyj jju or 
4(CuKai) - 1537.370 XU 
•= 1002056 based on 4(CuKai) « I537 400 XU or 
*(MoKa,) <1. 707.845 XU 

At the same time DtAaOEN** suggested that SiEcaAiiN’s defin, 
tionof the XU should be replaced by a new scale of X-tav wave 
lengths whose unit should be denoted ptovisionally by A and de 


■neaotbuntiet'Vstill use t‘ 
on In 1942 betueen Sie 
le of Ffaysin (UfC) and ih 


».lue> a 1 XU - (1 002 02 ± 0 ftOO 03) niA 

AHN, -he X R,y Analysis Group of ihe 
A jsericsn Society for X-Ray and Lleciron 
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fincil by adopting an exact value of the wave length of the peak of 
the WKai line, namely A(\VKoi) = 0,2090100 A. This defining 
vahic hnd been derived by BnAnoEN in 1964 from the value of 
A(WKai) 208.577 0 XU = 208.577 0 x A mA and his experi- 
mentally determined value A = 1.002076 based on the 'working 
standard’ wave length A(MoKai); this means tht^t the new X-ray 
w.ive-lcngth unit also satisfies the relationship 1 mA= (1.002076± 
5 X 10"')-t XU. According to Deardev, 1 A is identical with I A 
(within a relative prob.ablc error of d: 5 X 10-“). 

Subsequently Bearden, in conjunction with six coll-aborators, 
prepared a new tablets of some 2700 wavelengths of X-r.ay fluores- 
cence lines of the K-, L-, M-, N- and O-scries (given as maximum 
of the line profile) and X-ray absorption edges in his proposed A 
unit; this includes in an appendix a table of the w.avc lengths in XU 
based on A(\VKai) = 208.5770 XU. 

In 1967 Bearden’s wave-length table was re-published^® with 
the following changes: 1. The new X-ray wave-length unit defined 
by the value A(WKai) = 0.2090100 is given the symbol A* 
[1 A* = (1 i 5 X 10-“)A]. 2. As ’working standard’ the w.ave length 
A (CuKai) = 1537.400 XU is given, with a resulting experimental 
A value of 1.002056. 3. The wave lengths arc given in A* only (the 
appendix with values in XU is omitted). 4. The wave lengths of the 
4 secondary standard lines arc given in A* only: A(AgKai) = 
0.5594075 A*, A(MoKai) = 0.709300 A*, A(CuKa,) = 1.540562 
A*, A(CtKa 2 ) = 2.393606 A* [relative probable error compared to 
the primary standard wave length A(WKai) = 0.2090100 A*: ± 
1.1 -1.3 X 10-“]. 

When using Bearden’s tables it should be noted that in the 
original publication^® the A value 1.002076 w.is based on a MoKai 
X-unit, i. c., it was derived from the value A(MoKai) = 707.831 XU 
[or A(CuKai) = 1537.3700 XU or A(WKai) = 208.5770 XU], 
whereas in the later publication^® the A value 1.002056 is based on 
a 20 parts per million smaller CuKa.\ X-unit derived from the value 
A(CuKa,) = 1537.400 XU' [or A(MoKai) = 707.845 XU' or 
A(WKai) = 208.5810 XU']. 

The relationship 1 A* = (1 ± 5 X 10-“) A given by Bearden 
for his new X-ray wave-length unit will remain valid only as long 
as l.the relevant ‘working standard’ wave length [A(MoKai) for 
the original tables^® and A(CuKai) for the later publication^®] and 
the wave-length ratios A(CuKai)/A(MoKai) = 2.171945 and 
A(CuKai)/A(WKai) = 7.370757 (relative probable errors ± 1.0 x 
10-“ and ± 1.1 X 10-*) are adhered to, and 2. doubt is not thrown 
on the A value (1.002076 or 1.002056) based on the relevant 
'working standard’ wave length by new experimental results, 
whether these arc direct or indirect determinations of A or new 
values for the atomic constants involved, in particular the Avo- 
GADRO constant N u. The second of these conditions could be 
avoided if, instead of introducing a new wave-length unit such as 
Bearden proposes, the now practically defunct Siegbahn defini- 
tion of the X-unit were replaced by a new one based for instance 
on the WKai line: 1 XU = A(WKai)/208.5770 or A(WKoci)/ 
208.581 0. Up to now the international bodies concerned have been 
unable to agree on a new definition of the X-unit. 

Tables of the atomic energy differences (in eV and Ry; see page 
213) between two levels together with the wave lengths (in mA*) 
corresponding to the energy differences are to be found in Bearden 
and Burr’s tables of atomic energy levels Some examples of 
energy differences are also given in the tables of energy levels 
published by these authors in Reviews of Modem Physics^^. 

The angstrom 

The angstrom (A) is widely used as a unit of length in atomic and 
molecular spectrometry, especially in the visible and ultraviolet spec- 
tral range. Following the new definition of the metre by the llth 
General Conference on Weights and Measures' in 1960, the Inter- 
national Astronomical Union in 1961 replaced its 1907 definition^® 
of the angstrom based on the wave len^h of cadmium as primary 
standard by the relationship®® 

1 angstrom = 10-*“ metre 

Angstrom is thus now no more than a special name for 10-*“ m. 


a” mmary see The hlinathml SyiUm (SI) Unit!, BS 3763: 1954, Brit- 
ish Standards Institution, London. 1964. ... j I 

'» ConKrcncc G6n6tale dcs Folds et Mcsurcs. Comptts rendus dij stances de h 
1 PConfirence geiteralidts PcidsetMtsurts, Pans 1960, Gauthict-\ lilars. Pans, 

1961 , pages 51 and ^ (1961/62); Stille, U., Z.angiw.Fhyt., 

BARREtL, H.. ^ A 9 2nd ed.. Vie- 

V Brlunschweiri^l Engelhard and V.eweg, Z.angtw.Phys., 13. 
580 ® (l«“)rammt. l%p<rUn,ia (Basel) A'd, 169 (1963). 


^ ComlU International dcs Poids ct Mcsurcs, Proc.-Vtrb.ComJnt.Poids Mtt 
31,26 (1963), 

^ National Bureau of Standards, Nat.Bur,Sland,^ Techn.Nens Bull., -43, 1 
(1959); National Physical Laboratory, Nature, 183, 80 (1959); Ho^eW, 
L.E., for National Research Council, Canad. J.Phys., 37. 84 (1959); United 
States of America, U.S. Federal Register, DocuiDcnt 59-5442, filed June 30. 
1959; Great Britain, Weighii and Measurer Actp 1963: 11 Eiiz.2. Ch.31 
H.M.S.O., London. 1963. 

® Great Britain, Weights and Measures Act, 1878: 41 & 42 Viet.. Ch.49, H.M. 
S.O., London; National Physical Laboratory, Units and Standards of Mtassrt^ 
mentEmphyedat the National Physical Laboratory, Part 1 : Length. Mass, Time 
etc., 1st cd., H.M.S.O.. London, 1951. page 4, and 3rd cd., H.M.S.O., Lon- 
don, 1962, page 3; British Standards Institution, Conversion Pastors end 
Tables,^. S.350: Part 1 : 1959, page 9; Part 2: 1962; Part2,SuppIement:1967. 
® United States of America, U.S.Code of Federal Regulations, 1946, 'Htlc 15, 
Ch-6: Metric System, Scc.204- Metric System authorized (1866), Scc.205- 
Authorized Tables (1866), Revised Statutcs,Scc.3570; U.S. Coast and Geo- 
detic Survey, Treasury Department, Bulletin No. 26 : Fundamental Standaris 
of Length and Mass, approved for publication April 5, 1893 (Mendenhall 
Order); U.S. Coast and Geodetic Surv^cy, Trcasur>’ Department, Report fer 
1893, Appcndi?rNo.6 (1894); Judson, L.V., Weighisand MeasuresSiarMris 
of the United States, A Brief History, National Bureau of Standards, Misal- 
laneous Publications No. 247, U.S. Government Printing Office, Washing- 
ton, 1963. 

^ International Union of Geodesy and Geophysics, Bull.ghd.int.,\9^E, 157, 
540 and 552. 


^ International Hydrographic Bureau, Abridged Manual of the Symbols and Ah' 
breviations Used on Charts, Special Publication 22, Monaco, 192S; also in 
Hydrogr. Rev., 5, 227 (1928). 

^ National Bureau of Standards, Adoption of International Nautical Mile, 
Nat.Bur. Stand., Techn.Nevs Bull., 38, 122 (1954). 

Bureau dcs Longitudes, Annuaire pour Pan 1954, Gauthier-Vilbrs, Paris, 
1953, page 189 ; Annuaire pour Pan 1968, Gauthier- Villars, Paris, 196S, pages 
385 and 390. 

International Astronomical Union, Trans.int.astron.Un., XII B, 593 (1964). 
c value of the International Scientific Radio Union and International Union 
of Geodesy and Geophysics, Bull.ghd.f^Si), No. 47, 66, 91 (1958). 
Siegbahn, M., Ann. Phys., 4ih Series, 59, 56 (i9\9);Ari.Mat.Aitrcn.Fys-, 
1 4, No. 9 (1920 ) ; Spektroskopie der Rlnigeniirahkn, 2nd cd., Springer, Berlin, 
1931, pages 42 sq. 

CLBragg, W.L., f.seUnstrum., 24, 27 (1947); Aeta Cryst., 1, 46 (1945); 
Wood, E. A.. Phys. Rev., 2nd Series. 72, 436 (1947). 

Cf. Lo.nsdale, K., in International Union of Crystallography, 

Tables for X-Ray Crystallography, vol.3. Physical and C^cnucal Tables. 
Kyno'ch Press, Birmingham, 1962, pages 41 and 59. 

Cauchois and Ht/LtJBEi, Longueurs d*onde des emissions X et dts dissenthidlit 
d*absorption X, Hermann, Paris, 1947. 

Sandstrom, A. E., in FlOgce, S. (Ed.), Handhueh der Phystk, vol.30, Sprin- 
ger, Berlin, 1957, pages 78 sq. 

CLMerrill and DuMond, Phys. Rev., 2nd Series, 110, 79 (19SS); Dc- 
Mono, J.W.M., Proe.Nat.Acad.Sei., 45, 1052 (1959). , 

IS COHE.N. E.R.. Bull.Amer.Phys.Soe., 2nd Series,?, 305 (1962); COHE-vand 
DuMond, in Johnson, W. (Ed.), Nuelidie Masses, Proceedings of the 2nd 
International Conference on Nuelidie Masses, Vierma 1963, Springer. 
Vienna, 1965, page 152. 

Cohen and DuMond, Rev. mod. Phys., 37, 537 (1965). 

DuMond, J.W.M., Z.Naturforseh., 21a, 70 (1966). 

Bearden ct al., Phys. Rev., 2nd Scries, 135A, 899 (1964). 

Henins and Bearden, Phys, Rev., 2nd Series, 135 A. 890 (1964); 
J.Res.Nat.Bur.Stand.,(,S7<, 529 (1964). 

Bearden, J.A., Phys. Rev., 2nd Series, 137B, 181 (1965). 

Bearden, J. A.. Phys. Rev., 2nd Scries, 1 37B. 455 (1965) ; Dlsuktsis et a! . 
Me/rologia,2, 104 (1966). . . . 

Bearden, J.A., X-Ray Wai-elengths, U.S, Atomic Encrg)’ Commissi^. Ut- 
vision of Technical Information Extension, N\'^O-10586, Oak Ridge.Tcnn., 
1964 (Qcaringhousc for Federal Scientific and Technical Information o 


the U.S. Department of Commerce, Springfield, Va.). 

26 BEARDE.N. J. A.. Rev.mod. Phys., 39, 78 (1967). 

2^ Bearden and Durr, Atomic Energy Levels, U.S. Atomic Energy 

<ion Divi<inn nt Ti^rliniml InTfirmrifinn Extension. NYO-2543-1, } 


sion. Division of Technical Information Extension, NYO — . 

Ridge, Term., 1965 (Clearinghouse for Federal Scientific and Techntca 
formation of the U.S. Department of Commerce, Springfield, Va.). 
Bearden and Burr, Rtr.rW. 39, 125 (1967). rr f-* 

2^ International Union for Co-operation in Solar Research, Trans. int.L 
3-e/.Rfr..2,20(l908). ^ 

■^0 International Astronomical Union, Trans. int.astrcn.Un., XI B, So (1^ _ 


Area {A oiS) 

Dimension = L® 

Coherent units 

International System of Units: square metre (m*) 

CGS system: square centimetre (cm=) 
ft-lb-s system: square foot (ft*) 

The units of length on which the units of area are based arc dc 

scribed on page 200. . . . /rirPAP) 

The International Union of Pure and Applied Physics (IL • 
at its 10th Gcncml Assembly in 1960, rccomrncndcd the 
(b) for lO"*** cm*, a quantity in common use in atomic and n 
ph>*sics as unit of nuclear cross scctionL 
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Ceirtriioi ef melric mils oj ana 





lA 

unit » * B units 
i m the tabic) 


A 





B 



Name 

Symbol 

urn’ 

mm* 

cm* 

dm* 

m* 

llixi* 


b 


10-is 

l0-“ 

to-** 

to-** 

to-** 


il™s 


10-« 

I0-* 

io-'« 

lO-i* 

Jo-W 


I0‘ 

1 

10-t 

to-* 

10-* 

to-** 


cm* 

10* 

10* 

1 

to-* 

10-* 

to-** 

squats decimetie . . 

dm* 

JO'S 

10* 

10* 


to-* 

to-* 

square metre 

m« 

tote 

10* 

10* 

10* 

1 

»-• 

squire decametre . 

tT 

10“ 

10* 

10* 

to* 

10* 

to-* 

square heclomclre . 

hm* 

(ha) 


10>« 

10* 

to* 

to* 

to-* 

square kilometre . .. 



10'* 

10>* 

to* 

to* 

1 


Connriion ef /{ngloSaxen mils ef ana 


1 

t A unit 

- » B units (» 

tti the table) 1 

A 1 

" _ _ 1 

Nam. 1 

Symbol | 

1 

1 


1 

square inch 
areular Inch 
•quire link 
square foot 
•qu^reyird 
square rod*** 
•quart chain 
»e*xt(UK) 

•quart mile 

b*** 

ft* 

yd* 

fd*** 

<h*** 

rnile*’ 

4S4 

t2l0 

1 41*0 
[ S097600 

*356 
t0 8« 

*3 S60 
27376*00 

*0*686x10* 1 

101171x10* 

4 046 66x10* 1 

2$80»xl0* 

* The etreular mil ii defined is the lies ' 
t eircutir mil “ 10** circular inch • 
*' Symbols in use onyl in USA 

ef 1 circle ofO COI tnchdiameier 
(ri/4)*10-*in« 


•“ Aim known n >qu»n (xnh or touirc pole 
* Symbol in USk mi* 


Noncoherent unit 

Up to 1964 the Inn (1) waj defined as the volume of 1 kg of putt 
air-free water at its maximum density (osS 98 °C) under norma 
atmospheric pressure (1 atm •= 760torr)Mn 1950 the Internationa 
Committee of Weights and Measures* gave 1 litre •= 1.000021 
cubic decimetre (relative uncertainty wi ± 3 x lO"*) as the bes 
conversion factor between the litre so defined and the cubic deci 

la 1964 the 12th General Conference of Weights and Measures' 



tiples* 1 l=s 1 dm* 


Castrtrssen af Jtcimal skbrnuluplis and mnUipUt of the liln 




lAunit- 

(kinlh 

> B units 
table) 


A 



6 



Name 

Symbol 

Id 

ml 

1 

m* 



t 

to-* 

10-‘ 

io-» 

tniUllilfC 

ml 




to-* 

(.01dm*) 

dl 

10» 


to-' 

10-4 

litre 

I 





hectotiirc 
(. 0 1 m*) 

hi 

tO' 



to-' 


Anglo>Saxon units of volume * 

In the United Kingdom the lommtriiel units of volume both fc 
fluids and dry substances are the gallon (gal) and units derived froi 
It The gallon is the volume of a quantity of water of a speeifie 
mass when weighed under the conditions laid down*, this defin 
tioa results in the following relationships 


RtrfFtnes 


lgal{UK)-277 42 m» 

-4 54609 dm* 

In the United States the gallon (gal) and the ututa of volun 
derived from it ate legal measures only for fluids The gallon 
there defined* ^as 


Volume (10 

Dimension — L* 

Coherent units 

Intemational Sptem of Units cubic metre (m*) 

CCS system cubic eentimetre (cm*) 
ft-lb-s system cubic foot (ft') 

The units of length on which the units of volume are based 
described on page 200 


lgal(US> -23f m» 

-3,785411784 dm* 
whence the relationships 
IgalfUS) - 0 832 674 gal(UK) 

I gal(UK)-. 1 200950 gal(US) 

In the Ucuted States the units of volume for dry substances ai 
the bushel (bu) and units derived from it The bushel (bu) is define 
as followa. 

lbu(US)-2150 42 in* 

-35 23907016688 dm* 
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Volume - Mass 


Units of Measurement 


Conrtnion of Ur.Utd Kingdom nnits of volume (UKiinils) 




j 1 A unit bB units {b in the table) 

A 



B 


Name 

Symbol 

gal 

in^ 

1 « dm^ 

minim 

min 

1/76 800 

3.612 23 X10-® 

5.919 39 X 10-» 

fluid draebrn. 

fldr 

1/1280 

V 2.16734 x 10-1 

3.55163 x10-’ 

( 60 inin) 



Ouid ounce . . 

n oz 

1/160 

1.733 87' 

2.841 31 X 10-® 

(r‘«480 min) 



E'll 

- 

1/32 

8.66936 

1.420 65 X 10-1 

pint 

- 

1/8 

3.467 74 X 10 

5.682 61 X 10-1 

quart 

- 

1/4 

6.935 49 X 10 

1.136 52 

gallon 

gal 

1 

2.774 20 X 10® 

4.54609 

peck 

- 

2 

5.548 39 X 10® 

9.092 18 

bushel 

** 

8 

2.219 35 X10’ 

3.636 87 X 10 

quarter 

(volume) 
chaldron .... 

- 

64 

1.775 49 X 10® 

2.909 50 X 10® 

- 

288 

7.989 68 X 10® 

1.309 27 X 10’ 


Conversion of United Slates units of volume (US units) 
For fluids (liquid measure) 


of Length and Matt, approved foe publication April 5, 1893 (Mendenhall 
Order); U.S.Coast and Geodetic Survey, Treasury Department, Report fer 
1SS>S, Appendix No.6 (1894); Judson, L.V., UreighltanJ Meatmt SlarJanlt 
of the United States ^ A Brief History ^ National Bureau of Standards, Miscella- 
neous Publications No. 247. U.S. Government Printing Office, Washington, 
1963. 

^ JUOSON, L.V., Units of Weight and Measure (United States Customary arJ 
Metric), Definitions and Tables of Equivalents, National Bureau of Standards, 
Miscellaneous Publications No. 233, U.S. Government Printine Office. 
Washington, 1960. 

® International Organization for Standardization, Basic Quantities and Units of 
the SI, ISO Recommendation R31, Part 1, 2nd cd., December 1965. 


Mass {m) 

Dimension = M 
Coherent units 

International System of Units: kilogramme (kg) 
CGS system; gramme (g) 
ft-lb-s system: pound (lb) 

International System of Units 



I A unit i B units (b in the table) 

A 

B 

Name 

S3'mbol 

gal 

in® 

1 = dm® 

minim ...... 

min 

1/61 440 

3.759 77 X 10-’ 

6.161 15 X 10-5 

fluid dram . , 

fldr 

1/1024 

2.255 86 X 10-1 

3.696 69 X 10-’ 

fluid ounce . . 

fl oz 

1/128 

1.804 69 

2.957 35 X 10-® 

gill 

gi 

1/32 

7.218 75 

1.182 94 X 10-1 

liquid pint . . 

liq pt 

1/8 

2.8875 x10 

4.731 76x10-1 

liquid quart . 

liq qt 

1/4 

5.775 X 10 

9.463 53 X 10-1 


gal 

1 

2.31 X 10® 

3.785 41 

barrel (pctrolcum)^*^ 

42 

9.702 X 10’ 

1.589 87 x10® 


For dry substances (dry measure) 



1 A unit =. i B units (t in the table) 

mmimm 


Name 

Symbol 

bu 

in® 

l = dm’ 

dry pint .... 
dry quart . . . 

peck 

bushel*' 

barrel** 

dry pt 
dry qt 
pk 
bu 
bbl 

1/64 

1/32 

1/4 

1 

105/321 

3.360 03X10 
6.720 06 X 10 
5.37605 X 10® 
2.150 42X10’ 
7.056 X 10’ 


* ScMrallcd stricken or struck bushel. There is also a heaped bushel of 
2747.715 in® 45.027 1 for apples and a heaped bushel s= IVi stricken 
bushels s= 44.049 1^®^. 

*• For fruit and other products except cranberries this barrel = 7056 in®; 
for cranberries the barrel = 5826 in® ^ 95.471 1^* 

t This fraction is approximate. Precise calculation based on the cubic inch 
definitions of bushel and barrel gives 1 bbl = (7056/2150.42) bu. 
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t Conference Gdndralc dcs Poids ct Mesures, Comptes rendus des siances de la 
3‘ Conference ginirate des Poids et Mesures, Paris 1901, Gauthier- Villars, Paris, 
1901, page 37. 

^ Comitd International des Poids ct Mesures, Proe.-Verb.Com.int. Poids Mes., 
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The base unit of mass is the kilogramme (kg)*. It is equal to the 
mass of the international prototype of the kilogramme, a platinum- 
iridium q^Iinder preserved at the International Bureau of Weights 
and Measures in Shvres (France)'. 


Conversion of metric units of mass 



i 

1 A unit «= 

b B units (5 in the table) 



Name 


H 

n 

El 

IS 

IS 

B 

m 

B' 

attogramme . . 

’S 

1 

m 


Hill 

BB 

B 

B 


femtogramme 

fg 

10 ’ 

1 

10 -’ 

10-8 

10 -® 

10 - 1 ® 

10-15 

10 -H 

picogtamme . . 

pg 

10 » 

10 ’ 

1 

10-8 

10-8 

10 -* 

10 -ii 

iUBii 

nanogramme . 

ng 

10 ® 

10 « 

10 ’ 

1 

10-8 

10-8 

10 -* 

R5S 

microgramme* 

|tg 

10>2 

10 ® 

10 « 

108 

1 

10 -’ 

10-8 

10 *» 

milligramme . 

mg 

10>5 

101 ® 

10 ® 


10 ’ 

1 

10-8 

10-8 

gramme 

g 

1018 

1015 

1012 


108 

108 

1 

10 -J 

kilogramme . . 

kg 

1021 

1018 

1015 

101 ® 

10 ® 

10 « 

108 

1 

metric ton 
(tonne) 

t 1 

10 ®® 

10®1 

1018 

1015 

1012 

10 ® 

10 ' 

10 ’ 


* Formerly also knosm as the gamma (y), a name that should no longer 
be used. 


Technical unit of mass 

In the so-called ‘technical system of measurement’, the still svidcly 
used mctre-kilopond-sccond system (m-kp-s system; on the kilo- 
pond sec under ‘Force’, page 21 1) the coherent derived unit of mass, 
the so-called ‘technical mass unit’, is 1 m“' kp s® = 9.806 6S kg. 
This unit has been little used and with the rapidly increasing popu- 
larity of the SI units it will cease to have any importance. In tech- 
nology the physical quantity mass (m) is usually replaced by the quo- 
tient weight/accelcration due to gravity (G/g) (sec under ‘Force , 
page 211), the unit of which is 1 kp/9.806 65 m s"®, equal to the kilo- 
gramme of the MKS system. 

International unit for precious stones 

1 metric carat = 0.000 2 kg = 0.2 g = 200 mg^ 

Anglo-Saxon units of mass 

In the Anglo-Saxon countries, in addition to the metric units 
employed in scientific work, three groups of mass units arc m 
simultaneous use: the avoirdupois units of commerce and industp-, 
the Iroj/ units for precious metals and coins, and the apothecaries 
units. Common to all three groups is the grain (gr), defined as the 
7000th part of the avoirdupois pound (Ib ardp or lb av). 

The avoirdupois pound has for some years been related^ to the 
kilogramme by a precise numerical factor: 

1 pound (lb) = 0.453592 37 kg 


» In the USA, usually ‘kilogram'. 



















Name 

Symbol 

r 

lb 

kg 

Rfwo(UK.US) . 


1 

1/7000 

6479891x10-* 

dnm (UK. US) ... 


875/32 

1/256 

1771 85x10-* 

oonee (UK. US) 

oa 

875/2 

1/16 


pound (UK, US) 

lb 

7x10* 


4 5359237x10'’ 

stone (UK) 

- 

98x104 

14 

6 35029 



1 94 X to* 

28 


ccm.l(UK) .... 
short hundnd- 


l7xt0* 

100 

4 535 92x10 

weight (US)., 
hundradweighi 

shcwt 

I 



long hundred- 

ewi 

>7MxlO» 

112 

$080 23x10 

weight (US) . . 





(thottiion (US) 

shin 

1 4 X 107 

2000 

907185x10* 

long ion (US) 

wn 

j 1 568x10’ 

2240 

101605x10* 


Time (/) 

Dintenslon = i 

Ba«« unit, tccond (i) 

(in *11 sy»fecti$ of messurement) 

Time scales can be derived from all periodic nscural phenomena 
(axial fotarion of the earth, revolution of the pUnet* and moon, 
ttansiiions in atoms and molecules). The second of the Interna- 
tional System of Units (SI units) is now (since October 1967) 
linked to an atomic frequency, it is defined as the duration of 


yennyweiahi 
irey eiuiea 
tray pmind (US) 


I 


3/87J 

12/17J 

1M/17J 


ISSSl? 
JtlOSSxlO 
3732 42x10* 


* la ihc Uniitd Siiii 




1/3 JO 
3/350 

12/175 

144/175 


1295 98 

3 887 93 

311035x10 
3 73242x10* 


' CorWttnce C4o<t»l 

1901. r«K, 62 .Rd( 
* ConfcratKe G4n4rtl 


n,, PiM 1907, Cniihi 


scale derived from the anal rotation of the earth is used hot his- 
torical data on the second and on the 'atomic clock' see the litera- 
ture* 

Uniisof time derived from the earth’* rotation • UnlverialTime 


ment of a 'mean sun’ assumed to move with uniform speed along 
the celestial equator in such a way that its pas sage through the vernal 
equinox (one of the btersections of the celestial equator and the 
ecliptic) coincides with that of the true sun The difference between 
apparent and mean solar time, known as the equation of time, 
vanes in the course of the year between about -t-15 and —16 
minutes. The mean lolat day is the time elapsing between two suc- 
cessive passages of the mean sun through the mendun of the ob- 
servei These passages define the time 12 noon of mean solar time 
(mean local time). 

The mean solar day (d) is divided into 24 hours (h) each of 60 


tune elapsmg between two swcessive passages of the vernal 
through the i ctidian of tjc observer Since the position 
©Ittevetnalequinoxvatiesasaresul. ' hcttnra/prtcuiionoftht 
earth the atellar day is about 9 ms shoctei s the time taken by the 

earth to wnpltte a 360“ tevolution with re *t to the fixed stats 
dandd'ate relaiedby 

d = d«(l-l-l/,) 

w^te m a the number of mean solar days in the trooical vear 
The stellar day (d*) is divided into 24 stellar hours (h*) each of 
60 atelUr minutes (mm») each of 60 stellar ternn.!. r..« ’ 
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Time 


Units of Measuremen 


On the Universal Time scale the time 12 noon UT is defined by the 
[MSsaRcs of the mean sun through the zero meridian (Greenwich). 
Statutory local time scales in use in particular countries are e^pnnl 
time scales (15° dilTcrcncc of longitude r; 1 h), for example Central 
European Time (GET) Universal Time + 1 h.Forthcdificrcficcs 
between the various local times sec the yearbooks issued by the 
Bureau dcs Longitudes'’. 

Times on a particular time scale arc often given with the symbols 
h, m (instead of min) and s raised, for example 2»25'"3‘ CET- In 
astronomy a particular point in time is known as an epoch. 

Variations in the polar altitude of the earth and the seasonal 
variations in the earth’s rotation (the Latter in a pattern remaining 
roughly constant from year to year) result in changes in the length 
nf the mean solar day that can be calculated. This has made it pos- 
sible to define a more uniform scale of Universal Time knowA as 
UT 2. Up to 1956 the second of UT 2 was in use for very precise 
time measurements, but this practice has since been abandoned 
because the gradual slowing of the earth’s rotational speed capses 
the second of UT 2 to increase by about 2 X 10"’“ s per year. Mpre- 
over, irregular variations in the earth’s rotation may result in 
fairly rapid changes in the UT second of, for instance, 10-* s during 
th-c. euwese qC th-e. veat. 

Multiples of the mean solar day and UT second 
Calendar ordinary year = 365 mean solar days = 31536000 UT 
seconds 

Calendar leap year = 366 mean solar days = 31 622400 UT seconds 
Mean Julian year (ajui) = (3 calendar ordinary years -f 1 calendar 
leap year)/4 = 365.25 mean solar days = 31 557 600 UT seconds 
Mean Gregorian year (agrer) = (400 ajui — 3 d)/ 400 = 365.2425 
mean solar days = 31556952 UT seconds 
The definitions of the mean Julian and Gregorian years ate 
chosen in such a way that their lengths approximate to that of the 
tropical year (ea. 365.2422 mean solar days). This figure is not con- 
stant but varies not only as a result of changes in the earth’s rotation 
but also because the length of the tropical year itself is variable- 
'The zero point of the Universal Time scale is January 1 of the year 
1 B.c. at O'* UT, so that the number of the year indicates the number 
of complete calendar years that have since elapsed. It should be noted 
that only one calendar year separates 1 b.c. O” UT and 1 a.d. 0’' iJT. 

Up to 1581 each year exactly divisible by 4 was a leap year> as 
were the years 1, 5, 9, etc. b.c. This constituted the so-called Julian 
Calendar, introduced by Julius Caesar in 45 b.c. Owing to jbe 
fact that the Julian year is some 11 minutes longer than the tropical 
year (based on the earth’s orbital motion) the Julian Calendar shott'ed 
earlier and earlier dates for natural events like the seasons. The 
growing discrepancy was finally rectified by the calendar reform 
introduced by Pope Gregory XIII’s bull of February 24 1582. 
Under this reform, 10 days were to be dropped from the calendar 
of the year 1582, October 5-14 inclusive, in order to restore the 
vernal equinox to March 21. France adopted the reform the same 


year, dropping the days from December 10 to 19 1582. In England 
the Gregorian Calendar was not adopted until 1752, -when 11 dap 
September 3-13, had to be dropped. In order to keep the Gtcgoriai 
Calendar in step with the tropical years, the reform also laid dowr 
that three out of every four century years were to be ordinary yean 
instead of leap years, i. e., that only those century years divisible bj 
400 were to be leap years. The mean Gregorian year is therefori 
0.4 min longer than the tropical year. 

Units of time derived from the orbital movement of the earth- 
Ephemeris Time 

The following time intervals arc derived from the revolution of 
the earth around the sun: 

The sidereal year (and) is the time taken by the earth to complete 
one 360° revolution around the sun, as related to the system of fixed 
stars. Since it cannot be measured directly the sidereal year is not 
used in time measurements. 

The anomalistic year (a«nom) is the time elapsing between two suc- 
cessive passages of the earth through the perihelion. 

The astronomical year (aanr), also known as Bessel’s year or annus 
fictus^is the time during, which the rigjit ascension of the (fictitious) 
mean sun increases by 360° ; it differs only slightly from the tropical 
year. 

The tropica! year (atrop), of great importance in time measure- 
ments, is the time elapsing between two successive passages of the 
true sun through the mean vernal equinox. Owing to the general 
precession of the earth the vernal equinox moves once round the 
ecliptic in about 26000 years. In addition to this movement, the 
vernal equinox is subject to a slight ‘secular’ acceleration as well as 
to periodic fluctuations. The fictitious mean vernal equinox is not 
subject to these periodic fluctuations. As a result of the genenl 
precession of the earth the tropical year is 20.4 min shorter than the 
sidereal year, and because of the secular acceleration of the vernal 
equinox each tropical year is about 5.3 ms shorter than the preceding 
one. The tropical year remains in phase with the seasons of the 
earth. 

In order to construct calendars the approximate tropial year up 
to 1581 was calculated from the mean Julian year based on the mean 
solar day (atrop is 11.2 min shorter) and for 1583 and subsequently 
from the mean Gregorian year likewise based on the mean solar 
day (atrop is 0.4 min shorter). The tropical year is also 20.4 min 
shorter than the sidereal year and 25.1 min shorter than the anom- 
alistic year. 

The tropical year at a particular epoch is equal to 360°/ (dL/d/), 
where Z- is the mean longitude of the sun, or angle subtended at 
the earth by the positions of the mean sun and the mean ftt® 
equinox at that epoch. Owing to the secular acceleration of the 
vernal equinox the angular velocity d£./d/ is a function of time. Of 
special importance is the length of the tropical year at the epoch 
1900, January 0, 12 noon Ephemeris Time, which is December 31 


Conversion of units of time 




1 A xinit = ^ B units (b in the table) 


A (Universal Time) 

B (Universal Time) 

Name 

Symbol 

s 

min 

h 1 d 

Symbol 

Mean solar time 

second 

s 

1 

”Ux 10-3 

2.7 X 10-* 1 1.157 40 X 10-5 

5 ! 

minute 

hour 

day 

( 28 days 

, 1 29 days ..... 

\ 30 days 

( 31 days 

/ 365 days .... 

\ 366 days.... 

min 

h 

d 

3305 

aaofl 

6x10 

3.6 X 103 

8.64 X 10’ 

2.4192 xl0« 

2.505 6 x10* 

2.592 X 10« 

2.678 4 Xl0» 

3.153 6 X 10’ 
3.16224 X 10’ 

1 

6X10 

1.44 X 103 

4.032 X 10* 

4.176 X 10’ 

4.32 X 10’ 

4.464 X 10’ 

5.256 X 105 
5.2704x103 

1.6 X 10-3 

1 

2.4 X 10 

6.72 X 103 

6.96 X 103 

7.2 X 103 

7.44 X 103 

8.76 X 103 

8.784 X 103 

6.94 X lO-* 

4.16 X 10-3 

1 

2.8 X 10 

2.9 X 10 

3 XIO 

3.1 X 10 

3.65 X 10= 

3.66 X 10= 

min 

h 

d 

(28d 
|j29d 
ol30d j 

S[3>‘> 

8345 j 

3384 1 

Stellar 

time 

stellar second® 

stellar minute® 

stellar hour® 

stellar day® 


9.972 696 x 10-1 
5.983 617 X 10 

3.590 170 X 103 
8.616409 X 10’ 

1.662116 X 10-3 
9.972 696x10-’ 
5.983617 X 10 

1.436 068 X 103 

2.770 193 X 10-’ 
1.662116x10-3 
9.972696 x 10-’ 
2.393 447 X 10 

1.154 247 x 10-5 
6.925 483 X lO"* 

4.155 290 X 10-3 
9.972 696 x10-’ 

8* 

min* 

h* 

d* 

Cal- 

endar 

years 

julian year 

gregorian year 

ajui 

ajrcf 

3.155 76 x10’ 

3.155 6952 x10’ 

5.2596 X 105 
5.259492 X 103 

8.766 X 103 

8.765 82 X 103 

3.6525 X 10= 
3.652425 x 10= 

ajul i 

Strtt j 

— — — — ^1 


L- 

cris Time) j 

__i 


A (Ephemeris Time) ■ 

B (Ephem 

At time 
1900.0 

i — — 

sidereal year® 

tropical year® 

anomalistic year® 

^ 

Said 
j atrop 
aanom 

3.155 814 97 x10’ 

3.155 692 60 X 10’ 
'3.155 84330 x 10’ 

5.259 691 62 X lO” 
5.259 487 66 X lO* 
5.259738 83 X 105 

8.766 152T1 X ItP 

8.765 812 77 x 103 

8.766 231 38 X 10» 

■3.65*4563 tj'a x'ltr- 
3.652421 99 X 10= 
3.652596 41 X 10= 

'VVifi 1 

Strop 

SatiOTn 














Jnits of Measurement 


Time - Angle 


B99. 12noonplu* ca 4 S* Univetssl Time At this time the mean 
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» Conference C<n<t»le dcs Folds et Meiures, Ccmplii nijus thi it 
l3*Cvi{ma timnU ilrt Pti4t U AUin'it. Pans 1967/1968, Bureai 


^ Cwnue International del Foidi et Mesures, Pm 'Virb ( 
IS. 77(1957) 

a Conference G6n6rale det Poidi et Mesurei, Ctnplit na 
//• CufftnugMrah ii, P„i, ,/ Paris 1960, Gau' 

1961. page 86 

* NiCHOCJOKand SAULza.A'aeara.llO. 187 (1966) 

^ ConUecnce Cjnirale dea Folds ec Mesures, Ctmpiti nn 
fi’CnfmaittiHtnliiii PuJtil Pfiinfti, Pans 1964, Gau 
1964, page 91 

* Vatuei ftom or cstculaied from Bureau des Longitudes, 
1966. Gauihser-ViIIars, Pans, 1965 


moon's otbita) ant] the earth’s axial rotational fie<]uencies is well 


mean solar day (i e , seconds of UniTcrsal Tune) at the tune 1900 0 
This IS, hovsever, ineorieel The mean day is N'evcoua’s calculated 
mean value of the mean solat day dut mg the period 1680-1895 

Unite of time derived from etomlc transtilons • Atomic Time 
Atomic Time is based on (he ftequenciet cotrcsponding to 
hypetfine structure transitions in the atoms of the caesium, bydto- 
gtn and thallium nuclides ‘“Cs, ‘U and '“Tl . in the classical imet- 
ptmtion such transitions are due to the precession of the electrons 
of •U..!! Vh... ~ I— *’• *' !'♦ 



(lods of the atomic ftequencies must be counted coniinuoudy 
A typical instrument for this purpose is variously knovsn as a 
caesium beam apparatus, caesium atomic clock or caesium tune and 
frequency standard. 


Since the ephernetis second is known only to an accuracy of 10"* a 
and IS thus irudequafe for precise time and f(equen(7 measure- 


nypethne structure transition of the “'Cs atom The 13th General 
Conference of Weights and Measures' in October 1967 adopted 
this relationship as the basis for the new JifimUon of the SI second, 
sod the ephemeris second eontuiues to be used only in astronomy 
Standard frequency ind time-signal ttansmilters transmit time 
^pials by various systems Thus UTC (Coordinated Universal 
Time) siicnals are transmitted partly with the aid of a time scale 
siomic clocks that agrees approximately with Um- 
*^* Titi'e2 and remains unchanged in each case for one calendar 
the deviation from Universal Time exceeds 01s the 
. are adjusted Other transmitters send out SAT(Stepp<d 

^‘^) sigfuls whose time unit is the atomic lecond Here 
It V"’* siRnals ate adjusted only when the deviation from 


Angle (ix,Ay, 6, 9) 

Dimension = L* 

Plane angles 

SI unit radian (tad) » 1 m/m 

The plane angle 9 between two straight lines a and i is 
astheratioofthesre/ to the radius r of a circle whose ce 
at the point of intersection of the lines 

T - 7 



Since the angle 9 « the ratio of two lengths it is a dimeo 
quantity 


1 degree C) -> 60 minutes O -■ 60 X 60 seconds (*) 

The grade is subdivided centesimally 
I grade («)•» 100 centesimal minutes ('J — lOO x 100 cet 
seconds (««) 

The tadian, right angle end whole circular angle are sub 
decimally without special designation 


Solid angles (O) 

SI unit steradian (sr) •= 1 m'/m* 

The solid angle 17 is defined as the 1 
of the surface of a sphere of radius r cut 
coincides with the centre of the sphere 


oF/r», where fist 
out by a cone whe 



Since the solid angle 1$ the ratio of two areat it is 1 k 
dimensionless quantity. When the apical angle of the c 
the following relation holds “ 

D = 2it(l-cos») 

The steradian (sr) is defined as the solid angle subtende 
centre of a sphere of unit radius by a cap of unit area on the 
of the sphere The sq^an J/gnt (symbol - or C*)*) ,5 gg) 
{itj\fXS)*»t,the iquart path [symbol («)•] by (n/200)i8r 
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Frequency — Frequency of Rotation 
Temperature 


Units of Measuremeni 


Cumrsion of plane anglet 




1 A unit /) B units (4 in the table) 

A 



B 


Name 

Symbol 

0 

s 

rad 

degree 

O 

1 

l.i 

1.745328x10-2 

mlriufc ..... 

* 

1.6x10-2 

i.ssi 85x10-2 

2.908 882xl0-< 

second 


2.7x10-* 

3.086420x10-* 

4.848 137x10-6 

grade. 

ccntcslrnd 

C 

9x10-1 

1 

1.570 796x10-2 

minute . . . 
ccnicsimAl 

0 

9x10-2 

10-2 

1.570796x10-6 

second , . . 

cc 

9x10-6 

io-« 

1.570 796x10-6 

radinn 

rad 

5.729 579x10 

6.366 198x10 

1 

right angle . . 

u 

9x10 

102 

1.570 796 

whole 

2Ttrad 

3,6x102 

4x102 

6.283 185 


Com'trshn of soM angles 



A unit 

= /» B units {b in the tabic) 

A 

B 

Name 

Sym- 

bol 


(2)2 

Sf 

square degree. . 

n” 

1 

1.234 568 

3.046 174x10-6 

(0)2 




square grade. . . 

(')' 

8.1x10-1 

1 

2.467 401x10-6 

stcradian 

sr 

3.282 806X102 

4.052 847x102 

1 


Frequency (v or/= ifT; T = period) 

Dimension = T*‘ 

SI unit: hertz (Hz) = 1 s"‘ 

In Anglo-Saxon usage the reciprocal second as frequency unit is 
sometimes designated cycle pet second (c/s), often wrongly short- 
ened to cycle (c). 1 kilohertz (kHz; kilocycle per second, kc/s) = 
1000 Hz. 

Angular frequency (pulsatance) oj = 2 re/ should not be expressed 
inhertz (Hz) but in reciprocal seconds (s-t). 1 reciprocal millisecond 
(ms"*) — 1000 s"^. 


Frequency of rotation («) 

Dimension = T~' 

SI unit: reciprocal second (s"0 
Other units 

Revolution/second (t s"') = 1 s-‘; revolution/minutc (r min-i) 
= 1.6 X 10-2 s-‘; revolution/hour (t h-t) = 2.7 X lO-* s->; revo- 
lution/day (r d-‘) = 1.5740 X lO"® S”* 


Temperature 


Dimension = 0 

The concepts temperature and heat (quantity of heat) are rigorously 
differentiated in physics. The same quantity of heat can be distrib- 
uted over a larger or smaller amount of the same material, which 
will have a lower temperature in the former case than in the latter. 

Heat is a form of energy (see ‘Energy’, page 212), while the tem- 
perature of a body is a measure of the average kinetic energy per 
degree of freedom of the constituent molecules. Since it is related 
to the average movement of the latter, the concept of temperature 
can be applied only to bodies consisting of a large number of mole- 
cules. This simple relationship no longer applies at very low tem- 
peratures. 


Thermodynamic temperature (7") and temperature scales 
The only term for temperature that allows clear and consistent 
exoression of all the states, processes and laws of thermodynamics 
is the thermodynamic temperature T, whether this is introduced 
hv wav of relationships between quantities of classical Aermo- 
jLomir-s Ifnr instance, the amounts of heat and work in a Carnot 
behaviour of idea) gases) or statistically defined (cither 


kinctically, starting from the energy distribution of the molecules ol 
a system or from the characteristic parameter 0 = A T of the Gibbs 
canonical distribution in statistical mechanics)'. In a Carnot cycle 
operating between two temperatures Ti and Tz < Ti the amounts 
of heat j2i and j 22 absorbed or liberated ate proportional to thecor- 
respondingtcmpcratures;j2i/j22 = ri/Ts. AccordingtothcSecond 
Law of Thermodynamics the thermodynamic temperature 7" has a 
lowest value below which it cannot fall and which can be given the 
value zero : the ‘absolute zero’ of thermodynamics. In a Carnot 
cycle operating between a finite temperature Ti and the absolute 
zero (a special case in physics) the efficiency (ij = work done, Ay4, 
divided by the amount of heat removed, A^) attains the value 1. 

International System of Units 

The base unit of thermodynamic temperature is the kelvin (K), 
dcfined^-ti as the fraction 11273A6 of the thermodynamic tempera- 
ture 7'ir of the triple point of water (the point at which the solid, 
liquid and gaseous phases of pure water are in equilibrium). The 
same name kelvin (K) is also used to express an interval or a differ- 
ence of thermodynamic temperature AT — Ti — Tz*. 

This definition is also the basis of the thermodynamic Kelvin 
scale, starting at the absolute zero 7” = 0 K, introduced by Lord 
Kelvin in 1848; as a linear scale this can be constructed from any 
variable quantity bearing a 1 incar relationship to the thermodynamic 
temperature T. Such a simple relationship relates the energy of ideal 
gases to a function of temperature expressed by the equation of 
state T=p Kmo/A (where p = gas pressure, Vmo = molar volumeof 
an ideal gas, A = molar gas constant (sec under ‘Physical Constants’, 
page 228) and can be determined experimentally by means of a gas 
thermometer. 


Anglo-Saxon unit of thermodynamic temperature 
Also occasionally used as unit of thermodynamic temperature is 
the degree Rankine (“R), defined as S/9 of the kelvin The thermo- 
dynamic Rankine scale starts at the absolute zero 7” = 0 “R, and 
can likewise be realized by gas thermometry. 

When expressing temperature interval AT =Ti — Tt the de- 
gree Rankine is usually written degR. 


Celsius temperature (t) and temperature scale 

The Celsius temperature t assigned to a system is defined as the 
difference between the corresponding thermodynamic temperature 
T of the system and a special thermodynamic temperature Ti.c 
the value of which has no special physical significance but is arbi- 
trarily chosen and conventionally fixed t = T — To,c. The 
zero point defining Celsius temperature is the temperature To.c 
= 273.15 K lying 0.01 K below the triple point of water. 

To express Celsius temperatures the base SI unit kelvin is desig- 
nated simply degree Celsius (°C). The thermodynamic Celsius scale 
is subdivided into the same intervals as the thermodynamic Kelvin 
scale but has a zero point displaced by 273.15 K. The Celsius tem- 
perature /o = 0 °C expresses the same temperature as the thermo- 
dynamic temperature T'o.c = 273.15 K. The degree Celsius 
the kelvin (K), as names and symbols for the same unit, may be 
used to express an interval or a difference of Celsius tempetatute 
At = ti — tz equal to an interval or difference of thermodynamic 
temperature AT —Ti — Tz. 


Fahrenheit temperature (6) and temperature scale 

In English-speaking countries Fahrenheit tempewture ^ also 
continues in use for the time being. The Fahrenheit temperature 
assigned to a system is defined as the difference between the cor- 
responding thermodynamic temperature T of the system and a 

special temperature T'o.r cst.iblished by convention and without 
special physical significance'': 0 = T — T'o.p.Thczctopointdcnm 
ing Fahrenheit temperature is the temperature Tz.r = 459.67 
lying 32.018 °R below the triple point of water. . 

To express Fahrenheit temperatures the degree Rankine is deste 
nated simply degree Fahrenheit (“F). The thermodynamic Fa ren 
heit scale is subdivided into the same intervals as the 
dynamic Rankine scale but has a zero point displaced by 4a A 
degR. The Fahrenheit temperature Oo = 0 °F c'^'P'^s^cs the sam 
temperature as the thermodynamic temperature T’o.r = 459.07 


» The 13th General Conference of Weights and Measures 
abrogated the names and symbols previously used - including the degre 
(“K) and degree (deg. for temperature interval ordifference) - but ag 
the formulations resulting from the earlier usage should be “dm"'' 
time being. In this chapter on ‘Units of ^^c^lsurcmcnl the text con o ' . 
the new definition of the kelvin (K) but in other chapters o t esc . 
Tab/a the old usage is followed. 
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VCTien expressing t temperature interval or di/Terenee A® »= 
H the degree Fahtei^eit is usually written degF (^degK) 

^OHMrtian tf lemptralurt nm/i and taints 

[a) Between temperature interval units' 
ldegR-ldegF = lK = y'C 
lK«rC-~degR = -?-degF 

(b) For temperature values on the four thermodynamic scales 
(r-rKK=ra*R;/ = /c*C.» = »F‘F)- 

Tk - y = /c + 273.1S = y (a» + 459 67) 

Fa - Fa - + 459 67 = y /c + 491 .67 

<c = Fii-273 15«A(r»-49167) = -|-(»»-32) 

#, = r„_459 67-.~Fit-4S9 67 = y<c + 32 


FimJamnlal pemts if Iht ikimaJyMmit limptralnrt scaht 




Tefrf<»ati 

reeiW.1 

V'mi 

Symbol 

absolute 

tnple point 



aero 

ofwwer* 

kelvut 

K 

0 

273 U 

degree Celvui 

•c 

-273 IS 

001 


•R 

0 

491681 

degtee Pihrenheit 

•F 

-459 67 

32t)t< 

* Temtersiure <1 which the solid, liquid tnd |tMaua 

1 inequilibiiuffu 

ihiwtofeiaiet are 



point of water and the absolute aero, which is very near to the old 
dcRmtion, means that the temperatures of the ice and steam point 
are now values that must be determined experimematly 


International Praetleal Tempertrure Scale of 1968 (IPTS>68) 



ThelPTS-6S is based on the sssigned values of the temperatures 
(columns 2 and 3 of the table below) of a number of i ep^ocible 
equilibrium states (defining died points, column} of the table) and 
on standard instruments calibrated at these temperatures Inlet- 
pobtion beta een the fixed point temperatures is effreted by means 



The defining fixed points ate established by realizing specified 
equilibriuttistatea betu een phases of put e substances The standard 
instruments and interpolation formulae ire as follows m the range 
13 81 K S F«» S 730 89 K (fteezing point of antimony as a sec- 
ondary reference point) the platinum resistance thermometer, m 
the range 730 89k S Tsi S 1337 58 KtheplJtmum-10% rhodium/ 
pUtinum thermocouple, in the range above 1337.58 KlhcPLaMcit 
law for ndutton in terms of spectral concentration of radiance Z.,1 
(see page 222). with 1337 58 K as reference temperature and the 
value 0 014 388 mK for the 2nd Planck radulion constant ra (see 
page 228) 

The IPTS-68 has been chosen in such a way that temperature 
measured on it closely approximates to therm^yrumic tempera- 
ture Fs. F+ AFss Fand/ss “ / + Aka •i/.Thediffeteoccii 
within the present limits of accuracy of measurement (seeCoIunin4 
of the table) At the triple point of water both temperature values 
are etaaly equal by defeition. 



Piwciical scales of temperature (outside the IPTS-68 range) for 
w*e over the range 0.2 K-S.2 K* 

Temperatures can be derived from measured vapour pressures of 
«He and ‘He The upper limits for use are set by the critical points 
of the gases (S 2 1C for*He and 3 3 K for *He) and tbe lower limits 
by the minimum vapour pressure capable of practical measurement. 
On these scales - the ‘1958 *He Scale’ and the '1962 'He Scale' - 


vapour pressures versus tempersture*. The '1962 'He Seale', re- 


RefereDce* 

• a DeBoe,. ) . l\Utnt,iia,\, U8 (1965) 

4es Poidt et Mesures. Ctmhm rrarf.f »*»«» * U 
,'r.c *' 4/«<rrM. P,n, US*. Oauthier-Villtts. Pan*. 

>955. page 79 

e ^f<KTK« GCntrile del PokIi el Mesunt. Ctmptit ttHin A, i/mit A la tJ> 
f^l^itf^aUA, PkAh Muant, Pent 1967/1968. Bureau International 
R<x>luuoa,5.4and«.t,tev»l«.l9 60 



Density ((^m/K) 

Dimension = L~’M 
Coherent units 

Intetrutional Systemof Units kilogramme/cubic metre (kg m-»l 
fXaSsystem- gtamme/cubiecentimette (g cm-») ' 

f(-It>-s system pound per cubic foot (lb ft-’) 

The^enr, (g) of i substance is the ratio of its mass to its volume 

DenSltV is »teewn*’vnt r.-. 1-^.1. •• -- J 
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Density - Linear Velocity - Angular Velocity Units of Measuremer 

Acceleration 


Important density constants arc the maximum density of air-free 
water' at 760 torr (i,c..at 4 '’C): cm„(H!0) = 0.999972 kg dm-* 
nndthc standard dcnsityofmcrcury:p„(Hg) = 13.59508 kgdm-’^ 
The product of the density c and the (local) acceleration due to 
gravity y; is the specific weight (y = c £) of the substance. Specific 
wcij’^ht IS thus dependent not only on thermodynamic variables but 
also on the acceleration due to gravity, so that unlike density it is 
not in fact a spni/ie property ofa suhsurtcc. 

llic Ttlalhe density (rf) of a substance is the ratio of its density to 
that of a reference substance. As the ratio of two quantities with the 
s.amc dimensions it is a dimensionless quantity, Relative density is 
still often givcm the name ‘specific gravity’, but this is a term open 
to tlic same objection as specific weight. The usual reference density 
for liquids and solids is the maximum density of water, for gases 
the standard density of dry ait free of carbon dioxide (on = 1.2928 
X 10"’ kg dm~’)®. 

Since the maximum density ofwMcr is very nearly equal to 1 kg 
dm'" relative, density in practice can usually be equated numeri- 
cally with density expressed in kg dm~'>. Since relative density is the 
ratio of two densities, two particular temperatures must be specified. 
Thus the relative density of a substance at 20 °C/4 "C is the ratio 
density o f the substance a t 20 “C 
density of water at 4'’C 
written as d'°. 


Cenrtrsion of metric units of density 



1 A Unit — ^ B units 
(b in the table) 

A 

B 

Name 

Symbol 

mg mm-^ 
g cm'3 
kg dm~3 

mg cm"’ 
gdm"’ 
kgm"’ 

mcrogr3n7me per 

cubic cemimetfe 

Of milULUre 

milligramme per 

cubic dedmetre 

or litre 

qg an-» 
qg ml-i 

mg dm"’ 
nigl-' 


, 10-« 

10-’ 

milligramme per 

cubic cemimetre 

or milliUtrc 

gramme per 

cubic dedmetre 

or litre 

kilogramme per cubicmctrc. . 

mg 

mg 

g dm’5 

gi-‘ 

kg 


. 10-’ 

1 

picogramme per 

cubic micrometre 

milligramme pet 

cubic millimetre 

or microlitre 

gramme per 

cubic centimetre 

or millilitre 

kilogramme per 

cubic decimetre 

or litre 

pg qm-’ 

mg mm"’ 
rog ql"’ 

gem-’ 

gml-l 

kg dm"’ 
kgl-’ 


1 

30’ 


Conversion of Anglo-Saxon units of density 



1 A unit = 6 B units 
{b in the table) 

A 


B 

Name 

Symbol 

lb ft-’ 

kgm-’ 

pound per cubic foot . . . 
pound per gallon (UK) . 
pound per gallon (US) • 

lb ft-’ 

Ibgal(UK)-' 

lbgal(US)-i 

1 

6.228 83 

meim 

1.601 85x10 
9.977 64 X 10 
1.198 26 X 10’ 


References 

s Comied IntematioMi des Poids et Mesures. Proc.-Verb.Ccn mt.Pmdr Me,. 
(2), 22, 77 (1950); Stu-I-e, U., Mtsstn und Rechoin in eer Phytik, 2nd cd.,\ le- 
weg, Braunschweig, 1961, page 286. .u ni-r 

se Cook and Sto.ve, Phil. Trans.Rciy.Soc.,'150/<, 279 (195;); Cook, A.H.. Phit. 
Tran,.Roy.Soc.,-}ShK \ 75 {m\y,'&tJcrr\eelo\.,Prot.An:tr.Ac<id.ATt,Sti., 

fOnoinI T homs, in Hause.v, H. (Ed.), LnndcIt-Rdmtein.Physiinhrch- 
ihiaische Tatellen, 6th ed., vol. 4, part 4, section a, Springer, Berlin, 196;, 
page 174; Dm. F-. Thermodynamic Function, of Gaiei, to1.2. Butter-north, 

London, 1956. 


Linear velocity (« or v = dr/d/; / = distance) 
Dimension = LT"' 

Coherent units 

International System of Units: metre per second (m $-') 
CGS system: centimetre per second (cm s-i) 
ft-!b-s system: foot pet second (ft s-») 


Conversion of metric units of velocity 



1 A unit = ^ B units 
(fi in the uhlc) 

A 


Name 

Symbol 

m min~i 

kmh”* 

E3S“^ 

centimetre per second .... 
metre per minute 

cm s"^ 
mrnin"! 
km h“' 

6x10-1 

1 

1.6x10 

3.6x10-’ 

6xl0-= 

1 

10-5 

1.6x10-’ 

27x10-1 


metre per second 

ms-’ 

6X10 

3.6 

1 

kilometre per second 

kms”' 

6x10’ 

3.6x105 

105 


Conversion of Anglo-Saxon units of velocity 






1 A unit = 5 B xinits 





(5 in the table) 

A 

B 

Name 

Symbol 

W3Si 

mileh"^ 

m s"^ i 

foot per minute . 

ft min**^ 

1.6x10-2 

X 

o 

5.08x10-5 1 

foot per second . 

fts-' 

1 

6.61x10-1 

3.048x10-1 i 

rmlc per hour 
knot 


mile h“*^ 

fcn = 
n raile/b 

1.46 

1 

4.4704x10-1 1 

1 

nautical mile 
per hour 


1.687 81 

1.15078 

5.14x10-1 1 

knot (UK) ' 
nautical mile 


fcnCUK) 
a= n mile 

1.688 89 

I.IS 

5.14772x10-1 1 

(UK) 
per hour 
mile per secon 

d . 

(UK)/b 

mOe S-’ 

5.28x10’ 

3.6x105 

1.609344x10'’ 1 


Angular velocity ((D = dtc/d/) 

Dimension = L" T-’ 

SI unit: radian pet second (rad s-') 
Conversion of units of angular velocity 



1 1 A unit bB units {b in the table) 



Name 

Symbol 


"s-i 

rads-i 

grade per 
minute . . 

a min'i 

1.6x10-’ 

1.5x10-’ 

2.617 99x10-* 

degree per 
minute . . 

° min”! 

1.8Si xlO-2 

1.6x10-’ 

2.908 93x10-* 

grade per 
second . . 

Cs-J 

1 

PxlO-i 

1.570 SOX 10"’ 

radian per 





minute . . 

rad min”^ 

1.051 03 

9.549 30x10-1 


degree per 
second . . 

”5-’ 

1.1 

1 

1,745 33 xlO-’ 

radian per 



5.729 58x10 

1 

second . . 

rad . . 

6.366 20X10 


Acceleration (a = di'/d/) 

Dimension = LT"’ 


Coherent units 

International System of Units : metre per second squared (m * 
CGS system: centimetre per second squared (cm s'-) 

= galileo (Gal) (for acceleration due to gravity) 
ft-lb-s system: foot per second squared (ft s-’) 































Units of Measurement 


Force - Angular Acceleration - Pressure 
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The mtetnationally accepted value’ of the normal acceleration 
due to gravity (see also page 230) is 

=. 9 B0665 m i-‘ = 980 66S Gal (cm s-*) 

««32 17405 ft s-» 


e/ unilt «f acctlttaUon 



Cwntruon aj Aa^hSaxM uiiitt tf attahralian 





Aumt- aeuaiit 

(6 in the (able) 

A 



B 


Name 

Symbol 


Ituleh'**-* 

me-* 

loot per Kcond 

r«s-» 

1 

6«lxl0-» 

304«xlO-» 

mile pes hour per 

mJ*b-ls'> 

1«6 

1 

4<704xH>*‘ 


R(t«r<nc« 

' CenKrenet C<n<ta1< do Poidi o Mouto. C»»pHt n»dtr iuMim la 
f Ctafinaii %fnirtU A/ Puh >! Pens tSOl. Ctuthict>ViUart. Pans. 

190t,psg«70 


Feres (F) (■■ mass X acceleration) 

Dimension LKT-’ 

Coherent unlit 

International System of Units newton (N) — m kg i'« •• 10* dyn 
CGS system dyne (dyn) ™ cm g s** «• 10*‘ N 
5t.t>a sysiem pouniii (pit) -.St'Ses-' 


Noncoherent ‘technical’ units of force 
In technology many units of force ire still in use m which 
mats unit (kiiogramme, pound, etc ) is multiplied not by llid 
hereocunn of acceleration (1 ms'*, 1 ft s'*, etc.) but by the itan4at“ 



will in doe course cease to be used In scientific work they shO“'‘i 
inanycase be avoided. In some countries, particularly France,*"^ 
ate no longer statutory units 

Keretence 

r Dcutscher Nofmensutichull, 

DIN IMS, Jon* 1969. Beuih Vertcieb, Berlm. 1968 


Angular acceleraVion (« ■ iuijii «• d*f/d>*) 
Dimension " L* T”* 

Slunlt: radian pet second squared (rad a*') 


CamriKn afamn ef angular acreUratian 



1 A units* aBunici (tlflthetsble) 

A 

B 

Name 

Symbol 



«dl** 

grade per second 

degtee pet second 

»s** 

1 

li 

»xl0-» 

1 

1 370 80 X 1®"’ 

1 743 33 X 1®*' 

ndun per second 

nd !•* 

6 36620 x10 

S 729 38 X 10 

1 


Caimnien a} noHcalanni aniii a} jartt (/• standard iccelerstion due to gravity = 9 806 65 ir 



1 A unit — > B u 

tits (a in the tsble) 1 

A 


Nsme 

Symbol 

IVAnition 

pdl 

N 

grsin-torre 

pf 

l•x:(lgT) 



pond 

P 

«f 

) «.*Ug> 

7 09316x10-* 

9S066SX1®'’ 

pound-force 

Ibf 

*.xoib) 



kdopond 


} *.x(lkg) 



IJognmme force 

kgf 

7 09316x10 

9B066S 

short ton force 

ton force (UM \ 

long ton force (USJ ) 


1. X (1 sh tn) 

6 434 81 x10* 


tonf 

^ geXflton) 

7 206 99x10* 

9 9 64 02x1®’ 


Prossure (- force/irea) 

Dimension = L"'MT-* 

Coherent units 

International System of Units - newton per square metse (Nm**) 
— ra-i kgs-* — 10 dyn cm'* 

CGSssstem dynepetvyanetentiTOette(dyn«m'*) — cnr'g*'* 


Noncoherent metric units of pressure 
10. rflh. 

I hat = 10* millibar (mbir) — 10* N m** - 10* dyn cm-s 


— 10* microbar (iibar) 


osticafot sound pres 
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Pressure - Errergy, Work, Amount of Heat 


Units of Measuremi 


/ mm water = O.I cm x 0.999 972 g cm-’ x 980.665 cm s-= 
= 9.806 375 41 N m-’ == 98.063754 1 dyn cm-» 

Cowcntioml millimtlrc of B'alir* (mmHiO). Defined as the pt 
sure exerted by a column of liquid 1 mm in height with a dens 
of 1 g cm-’ under the standard acceleration due to gravity 

1 mmHiO = 0.1 cm X 1 g cm-=> x 980.665 cm s-’ 

= 9.806 65 N m-’ = 98.066 5 dyn cm-’ = 1 kp m- 

In practice this definition is based on a column of water 1 mm 
height at 4 °C at standard pressure. 

Convintiona! millimetn of mercury* (mmHg). In accordance wi 
the International Barometric Conventions of the World Metcoi 
logical Organization ^ this is defined as the pressure exerted hj 
column of liquid 1 mm in height with a density of 13.595 1 g cm 
under the standard acceleration due to gravity gn: 

1 mmHg = 0.1 cm X 13.595 1 g cm-’ x 980.665 cm s*’ 

== 133.322387 N m-’ == 1 333.223 87 dyn cm-’ 

= 1.000 000 14 torr 

In praaice this definition is based with adequate accuracj" on 
column of mercury 1 mm in height at 0 °C at standard pressui 
(1 atm = 101 325 N m-’). 

TTte noncoherent Anglo-Saxon units of pressure, convention 
inch of water (inHiO), conventional foot of water (ftHaO) an 
conventional inch of mercury (inHg), ate defined by the formula 
given for conventional millimetre of water and eonvcntional mill 
metre of mercury by replacing the metric length unit (0.1 cm) b 
1 inch or 1 foot. 

For very precise measurements the unit torr is now preferred ti 
the mmHg since unlike the latter the torr is independent of materia 
constants. 

Standard pressure in both physics and meteorology is 101 325 N m" 
= 1 atm = 760 torr. It is roughly the mean atmospheric pressure a 
sea level under the standard acceleration due to gravity. 


* The names of these units of pressure actually signify the height h atwhid 
the barometer liquid with density p under the acceleration due to gravity j 
exerts the pressure p = gig. 


Conversion of noncoherent units of pressure 




1 1 A unit 5= B units {b in the table) 

A 



8 


Name 

Symbol 

atm 

pdl ft-’ 

N m"* 


mm water 

9.678 14 X 10-' 

6.589 58 

9.80638 

kilopond per square metre • > 

kilogrammc.forcc per square metre 

kp m**® 
kgf 

) 9.67841 x10-' 

6.589 76 

9.805 65 

pound-force per square foot 

Ibfft-’ 

4.72541 xl0-‘ 

3.21740x10 

4.78803 X10 


tort 

1.31579x10-’ 

8.958 85 X 10 

1.333 22X10’ 

conventional inch of water 

inHjO 

2,458 32 X 10-’ 

1.673 80 X 10= 

2.49089x10’ 

conventional foot of water 

ftHjO 

2.949 98 X 10-’ 

2.008 56 X 10’ 

2.989 07x10’ 

conventional inch of mercury 

inHg 

3.34211 X 10-= 

2.275 55 X 10’ 

3.38639x10’ j 

pound-force per square inch w. . 

Ibfin-’ 

6.804 60 X 10-’ 

4.633 06 X 10’ 

6.89476x10’ 1 

technical atmosphere * » » • 

at 

9.678 41 xlO-’ 

6.58976 x10’ 

9.806 65 X 10* I 

physical atmosphere * 

atm 

1 

6.808 73 x10’ 

1.01325x10’ 1 

ton-force per square foot 

tonf ft"^ 

1.058 49 

7.206 99 X 10’ 

1.072 52x10’ j 


References 

t Conference Gendralc des Poids et Mesures. Camples reniat dii stantes Je la ’ World Meteorological Organiaation, Initmalhnal Baramirit 
pe Conference geaeraie dec Paidi et Meneret, Paris 1948, Gauthicr-Villars. Paris, British Standards Institution, Barometer Connnlitms and FeW"- ’ 

1949, pages hi aniW-.Comptei rendus des seaneet de ta W' Conferenceglnirale des 1954, and in Sticu;, U., Messen send Reehner. in der Phjmk.Zssdcd., vicv F. 

Poid's et Misurii, Paris 1954, Gauthicr-Villars, Paris, 1955, page 79. Braunschweig, 1951. 


Conwston of mtiris smits of pressure 



J A unit B units 

(p in the tabic) 

A 

B 

Name 

Symbol 

dyn cm“^ 
^ jlbaf 

N m"’ 

mbar 

bar 

dyne |>cf square 

centimetre 

tnicrobar 

dyn cm~* 
pbar 

)' 

IQ-l 

10-’ 

io-« 

newton per square 
metre 

Nm-’ 

10 

1 

10-’ 

10-' 

millibar . 

bar 

mbar 

bar 

10’ 

10« 

10’ 

10' 

1 

10’ 

10-’ 

1 


Noncoherent ‘technical’ units of pressure 

These arc derived from the 'technical' units of force and the units 
ofarc.i. The technical aimosphtrt (at) is widely used: 

I at rs 10' kilopond/squarc metre (kp m-’) 

= 1 kilopond/squ<arc centimetre (kp cm-’) 


= 9.80665 X 10’Nm-’ = 
= 0.967841 105 atm 


9.80665 X 10* 
1.01325 X 10' ‘ 


Noncoherent special units of pressure 

Standard physical atmosphere (atm). Defined in connection with the 
Internationa! Practical Scale of Temperature of 1948' as 

1 atm = 101 325 N m-’ = 1 013 250 dyn cm-’ 

Torr (torr). Defined as 

1 torr = 1 ,itm/760 = 133.322368 N m'’ = 1333.22368 dyn cm-’ 

Millimetre of water* (mm water). Defined as the pressure exerted 
by a Column of water 1 mm in height at its maximum density 
(0.999 972 g cm-’) atstandatd pressure (760 torr) under the standard 
acceleration due to gravitygn! 


Energy, Work, Amount of heat 

Dimension = L’MT-’ 

Coherent units 

International System of Units: joule (J) = newton X metre = 
jjg 5-2 _ 10’ erg = watt second (Ws) (for \V sec under 

•Power’, page 214) . , 

CGSsystem;erg(crg) = dyncxccnt.mctte = cm’gs =10 J 

ft-!b-s system: foot poundal (ft pdl) - ft lb s 
= 0.0421401101 J 


Symbols 
Energy = E, 

Potential energy = Ep, V, <P 
Kinetic energy = Ey, T, K 
Work = li’’, A 
Amount of heat = ^ 

Radwnt energy = j2, Qo, II" (sec also page 222) 

Enirgs’, work and amount of heat arc physical quantities with the 
same dimensions and ideally should be measured in a comw 
unit. In the International System of Units this simplification 





nits of Measurement 


Energy, Work, Amount of Heat 
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mtriioH if noncahtTtnt uiali ej tntrp 



• A. 

nit«*Biinits(*inihe 

able) 

A 

“ 

Name 

Symbol 

kVh 

ftpdl 

J 

foot pound-rorce ... . ......... 

15*ca1one 

Interaitional Steam Table calone • ....... . ■ ■ 

kilopood metre, kilogramxne.force mitre . 

litre sCTTKHpbere. . . .. . 

Bmubthenmlunit . . • . . 

horxpower.hour . ........ . . 

inettichotKpowtr hour ... ... 

kilovaiihouc ... ... . .... ... 

fllbf 

caitMmaeaaB 

tails 

tslrr 

kpm—kgfm 

larm 

bpb 

chorPSh 

k'ach 

3 766 16 X I0-» 

llbixKI-* 

11626x10-* 

1163X10-* 

272407x10-* 

Z31458X10-* 

29)071 XlO-* 

74S700xl0-t 

7 3549675x10-1 

3 21740X10 

9 92878X10 

9 932 J4 X 10 

9 935 4) XlO 
2J2715X10* 

2 404 48 X 10* 

2 50369X10* 

6 370 46 X 10’ 

6 283 31 X10’ 

8 54293X10’ 

1 355 82 

4184 

4 185 5 

4 186 6 

9 806 65 

101325x10* 

1055 06 x10* 

2 68*52x10* 

2 647 80x10* 
36x10* 


TpmtrsioH of kmtt tj tnerp kttd i« alomie pijmi * ^ 



t A unit equal} 

sc cottespoiidi to 3 B urn 

a (3 in the table) 

A 


Name 

Identifying formula 

Symbol 


; 

erg 




1 

8 987 554x10“ 

8 987 554X10** 




11126x10-“ 

1 





1 1126x10-** 

lx 10-’ 

1 

atomic iruas unit 



16604X10-“ 

1 452 32x10-“ 





2 425)xl0->a 

217971 XlO-’* 


electronvolt 



17826x10-** 

1 60210X10-’* 



4 £(ein*') w ir x (1 etn-*] 


2.2101 XlO-« 

1 986 30X10-** 


kclnn 


K 

15361X10-*’ 



seeond-l 

A5(»-‘)-4X(a-') 

a-> 

7 3720 X 10-** 

6 625 89 X 10-« 

6 62559 x10-*’ 

Name 

Idenufyuig formula 

Symbol 

<> 

Rr 





6022 5xl(l»> 



IQule 



67010x10* 












1 



1 rTd^»« 

4rX. 

Ry 

14606x10-* 



' licctioneeli 



10736x10-* 



, eentimetrt-t 

4 £<em-') • *r x (1 ein->) 


1 3)1 0 X 10-** 





K 

92509x10-'* 



•eeond-t 

4r(a-t)-ix(i-i) 

•*' 

4 4)9 8x10*“ 

3039 7X10-“ 


Name 

Identifying formula 

Symbol 

<m-« 

K 

a-‘ 

1 gramme 

4 £(g)-r*x(l|) 


4 5248x10** 


1 356 5x10*’ 



J 

50345x10** 


15095x10“ 




50345x10’* 


15093x10“ 




7 51)1x10“ 


2 2524x10“ 




\«7*xl9» 



eiretronyolt 



80657x10* 




i A fC<m*»)«-4i-x(tcm-i 


1 




1 A C(K)«>kx(lK) 


69503x10-* 



•econd-^ 


a-> 

3J3S6xlO-*» 

4 799 3 xlO-U 

1 


now befrt achicTcd. *nd many of «h« pcesent noncohcicm 'me- 
chinicar,*clcctticirand‘calac>c’uni(> will cTcntually be of historical 
interest only Thu is likely to take a long time, however, since the 




Noncoherent units of energy 


-lot 3278 

BrtUthllurmalimtf ^ t.u ] 
this was redefined in 1956' 

I Btu = 4 1868 X 


— Btu) LlhetheSteamTablecalotie 

t (for lb see under 'Mass’, page 204). 


J = 2 326 — J 
6 S 

hp X h , 1 hp = 550 ft Ibf s-' (for Ibf st 


//ererpeweMear (hph) =. 
under Totee’, page 211) 

’* ch h, German PSh) = ch (or PS) 

' •» {|or^k^eeunder‘Force’,page2ll). 


X h. 1 ch (or PS) =. 75 m kp %- 

Ktlnatt heur (k^Ti) — ' 


> lU.tjnl,t 

h'nvftMaJ Sltam Tail, i4lone (cal,,) In 1956 the 5lh Intenu- 
tional Conference on Ptopetties of Steam' ' * redefined ihe Intet- 
lutional Steam Table calorie as 1 ealrt — 4 186 S J 


The uruts of energy used 
WM or more physical constants 


atomic and nuclear physics contain 
- — faaors, namely the velocity of 
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Power - Action - Entropy - Viscosity 


Units of Measureme 


energy): gramme [g ~/J(g)], atomic mass unit [u centi- 

inctrc"' [ern"' ~ /j(cm~*)], kclvin [K /3(K)] and second"* fs"* 
~ 'nie relationships of these energy units to those used in 

macrophysics (joule and erg) depend numerically on the results of 
determinations of the atomic constants. For the physical constants 
and other units and measures of energy in atomic and nuclear 
physics see the table on pages 228 and 229. 

References 

’ Confdrcncc GirntMlc ties Folds ct Mcsvires, Compltt rtnditt Jtt t/antu dt /a 
9' Confirtmt ph/ruk dti PoiJs tl Mtinrti, Paris 1948, Gauthier-Villars, Paris. 
1949, papes 55 and 63. 

^ t Rfchnenin dtr Phyiik^ 2nd cd., Vieweg, Braunschweig, 

^International Organization for SlaniitCAation, Qiaalilitt and Units of Mt- 
thanitt, 1.SO Recommendation R31, part III, December 1960. 

^ Rossini, RD., Nal.Dur.Sland.J.Rti.,(,, 1 (1931); Wacman et al., A9i/.if/»r. 
Sland.J.Rti.,3A, 143 (1945). 

® Comlti International dcs Folds ct Mesurcs, Pnc.-Vtrb.Com.int.Poids Met., 
22, 79 (1950). 

® Schmidt, U., Brtnniloff, ll~drme, Kraft, 432 (1957). 
f Coiir.N and DuMond, Rec.mod.Phyt., 37, 537 (1965); International Union 
of Pure and Applied Physics, Symbolt, Unit tend Nomemlature in Physics, Docu- 
ment U.I.P.ll (S.U.N.65-3), 1965, page 30. 


Power (/*) (= energy/time = force X velocity) 

Dimension = L’ M T"^ 

Coherent units 

International System of Units: watt (W) = joule per second 
= newton x metre per second = m* kg s"^ = 10* erg s"*. 
CGS system: erg per second (erg s"') 

= dyne X centimetre per second = cm* g s"* = 10"’ W 
ft-lb-s system: foot poundal per second (ftpdls"*) = ft*)bs"* 

= 0.0421401101 W 

Ceiti'mioit of stoncoherent units of pomr 

The units of power related to the second (e. g., cahr s"*) are con- 
verted into ft pdl S"* or watt (= J s"*) by means of the factors given 
for the conversion of the noncoherent units of energy (page 212). 


1 A untt S3 ^ B units {b in the table) 


A 

B 

Name 

Symbol 

ft pdl s"^ 

W = J S-* 

International Steam Tabic 

calorie per hour 

British thermal unit per 

hour 

horsepower* 

metric horsepower* 

calix h“^ 

Btu h“^ 
hp 

ch or PS 

2,759 84x10-’ 

6.95468 

1.76957x10* 

1.74537x10* 

1.163X10-’ 

2.93071 xlO-* 
7.457 00x10’ 
7.3549875x10’ 

* 1 eh or PS = 75 m kp s"*; 1 hp = 550 ft Ibfs"*. 


Action (= energy X time) 

Dimension = L* M T"' 

Coherent units 

International System of Units: joule X second (J s) 

, = newton X metre X second = m* kg s"* = 10’ erg s 
CGS system: erg x second (ergs) 

= dyne X centimetre X second = cm* g s"* = 10"’ J s 
ft-lb-s system; foot poundal second (ft pdl s) = ft’ lb S"* 
= 0.0421401101 J s 


Entropy (S) 

Dimension = L’ M T"’ 0"’ 


Coherent units 

International System of Units; joule per kelvin (J K"*) 
= 10’ erg K"* 


■Noncoherent units 
erg per kelvin (erg K"*) = 10"’ J K"' 
fnnt noundal per degree Fahrenheit (ft pdl degF">) 


Viscosity 

Dynamic viscosity (rj) 


Dimension = L"' MX"' 

Dynamic viscosity is the property of a fluid (liquid or gas) 
offering resistance (‘internal friction’) to the non-accelerated di 
placement of two adjacent layers. 

Coherent units 

International System of Units: newton X second per squai 
metre (N s m"’) = m"* kg s"* = 0.671 969 pdl s ft"’ 

CGS system; poise (P) = dyne x second per square centimeti 
(dyn s cm"’) = cm"* g s"* = 10"* N s m"’ 

ft-lb-s system: poundal second per square foot (pdl s ft"’) 

= ft"* lb s"* = 1.488 16 N s m"’ 


Conversion of metric units of dynamic viscosity 





1 A unit =3 it B units 





(b in the table) 


A 

B 

Name 

Symbol 

trP 

mP 

cP 

p 

N s m"* 

mictopoisc . . . 

iJtp 

1 

10-’ 

10-* 

io-« 

10-’ 

millipoisc .... 

mP 

10’ 

1 

10-* 

10-’ 

1(H 

centipoise .... 

cP 

10* 

10 

1 

10-’ 

10-’ 

poise 

p 

10’ 

105 

10’ 

1 

10-* 

newton X sec- 
ond per square 






1 

metre 

N s 

10’ 

10* 

10’ 

10 


Kinematic viscosity (v) (= viscosity/density) 

Dimension = L'T"' 

Maxwell’s kinematic viscosity is the ratio of the dynamic vis- 
cosity ») and the density e, so that strictly speaking the term viscosity 
is here a misnomer. *> occurs in many flow processes, particularly 
when using models, as determinative magnitude (for instince in 
Reynold’s number Re = iujv). 

Coherent units 

International System of Units : square metre per second (m* s"') 
= 10.7639 ft’ s"* = 3600 m= h"* 

CGS system : stokes (St) = square centimetre per second (cm’ s"‘) 

= lO-’ m’ s"‘ 

ft-lb-s system: square foot per second (ft’ s"*) 

= 9.290 30 X 10"’ m’ s"* = 334.451 m’ h"* 

Other unit 

square metre per hour (m’ h"*) = 2.7 x 10"* m’ s"* = 2.'? St 

Viscosity of solutions 

The ratio of the viscosity of a solution rj to the viscosity of 
solvent >jo is known as the viscosity ratio (formerly called relative 
viscosity) (> 7 / 110 ). The quotient (>; — ndiino is the viscosity insrere^j 
In dilute solutions a further important magnitude is the nscosuynvn- 
her (formerly called reduced viscosity) (/,), dimension L’ M"', ’ 
fined as I, = (l/r) X (n — vtdino, where c is the mass concentration 
of the solution. The limiting value 

/o = lim — X 

r^O *■ 

T->-0 

is the limiting viscosity number (formerly called intrinsic viscosit>) (W 
(r = shear stress). 

Coherent units for I, and /o 

International System of Units: cubic metre per kilogr.ima'.e 
(m’ kg"*) = 16.0185 ft’ lb"‘ 

CGS system: cubic centimetre per gramme (cm’ g"') 

= 10"’ m’ kg'* 

ft-lb-s system: cubic foot per pound (ft’ lb"') 

= 0.0624280 m’ kg"* 
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Surface Tension - Thermal Conductivity - CoefTicients of Heat Transfer - 
Electricity and Magnetism 


Surface tension (o) 

)lrnen«lon = M T"’ 
k>herent units 

Imematiotul System of Units: newton pet tnette (N m**) 

•= joule per square metre 0 f"’’) = *'8 
CGS system: dyne per centimetre (dyn cm"*) 

•» erg pet square centimetre (erg cm"*) = g i"* = 10"* N m"* 


Anglo-Saxon units with 1 Btu = 2326 — I = 1055 056 J 
kc 



Thermal conductivity (A) 

Dimension =• LMT"* 6"' 

Coherent unit 

Interrutiorul System of Units' watt per (metre X kelvm) 
(W’m-* K-*) = lmkg8"‘K"» 

- 2.38846 X 10-* caliT cm'* S"* K"‘ 

-0 859845 kcaliTm'i h"* K"‘ 

- 1 60497 X 10-* Btu fr* a-* degF-> 

Other utsit 

erg per (second x centimette x keWin) (erg s"‘ cm"* K-') 

- I cm R S'* K-' = 10-* W ro"* K"* 

- 2 38846 X 10-* call, cm"* s'* K"* 

-8 59845 X 10"* kcal,Tm-*h'‘K"» 

- 1 604 97 X 10"* Btu ft-* a-* degT-* 


Electricity and magnetism (for references see page 217) 
Ifttematlonal System of Units (SI urdts) 

The base electrical unit is that of electric current, the ampere (A), 
defined' as that constant current which, if maintained mtwostraight 
parallel conductors of infinite length, of negligible circular cross- 
section, and placed one metre apart in vacuum, would produce 
bctweeis these conductors a force equal to 2x10"’ newton per 
metre of length 

This theoretical definition is realized eapecimentally in so-called 
‘absolute ampere measurements’ by determining the force between 


Other units with 1 cslit — 4 1868 J 
ealotieper (centimette X second X kelvm) (caIiTCm*'s"»K*») 

- 418 68 W m-‘ K-‘ - 360 keahe m-‘ h** K"* 

- 0 067 1969 Btu fft s"* degF-* 

kilocalorie pet (metre x hour x kelvm) (kcatitm-*h-‘K"*) 

-1 t63\V m-*K'‘-:7 x t0-‘ «liTem"»s-« K"* 

Anglo-Saxon units with 1 Btu - 232 6 J - 1055 056 J 

British thermal unit pet foot second degree Tahtenheit 
(Btu fi-» s-» degF-*) - 6230 64 W m-> K-» 

- 3600 Btu ft-i h-* degF-i - 43200 Btu m ft-* h*' degF-' 

— 14 8816 esIiT cm*> i*> K** 

Bntish thermal unit pec foot hour degree Tahtenheit 
(Biu ft-* h-‘ UegT-*) - 1 73073 SV m-* K** 

— 2 1 X 10"* Btu ft-' i-i degF'* — 12 Btu m ft'*h-* decT** 
-1 48816 kealtvm-ih-* K-* 


Electrodynamics is now generally described by means ot the iieid 
theory (as recommended by the lUPAP*, lEC*, ISO*, etc ) In so 


xl0-**Fm-* , 

This system has now largely displaced the thcee-dimeniionsl 
systems derived from three base quantities (e g , length, mass, time, 

dimensioiul syst em i.MT)usedalroost exclusively mthel9theentury 
The lattee can be subdivided into'electf leal’ and'magnetic’ variants, 

namely those with an ‘eleeirotnagnetie’ (genetal symbol Xa) and 
an’electtostatic’ (getietal symbol Ar*)thtee-dimension3l definition 
of quaniiiies These vatianrs, and the four-dimensional aysiem, use 
diflerem dimensions ro and i<o do not appear m the equations of the 
thtec-dimensional systems, where only r occurs 


(Surface) coefTicient of heat transfer (a) 
(Over-all) coefTicient of heat transfer (K) 


Dimension — MT-* 0'* 

Coherent unit 

SI watt per (square metre x kelvm) (\V m-* K"*) 

- 1 kgs 'K-* =2 33846 x 10-* calircm-* s-* K-* 

- 0 859 845 kcaliT m-* h'* K'* 

- 4 89195 X 10-* Btu ft-' i-'degF-‘ 

Other unit 

rrg per (square centimetre x seeond x kelvm) 

(erg cm-* s ■ K-') = 1 gs-* K-> = 10-» Vs' m-» K-* 

-2 33346 X 10-* ca1iTcm-»s-* K-‘ 

- 8 598 45 X 10-* kcaliT m"’ h"* K"‘ 

- 4 891 95 X 10-* Btu ft-* a-' degF-' 

Other units with 1 eaht — 4 1868 ) 
calorie per (square centimetre x second x kelvm) 

(calrr cm-* s-* K"*) = 41 868 W m'* K-' 

= 360l.’O kcaliT m-» h'* K"* = 2 04816 Btu ft » f* degF-* 
kilocalorie per (square metre x hour x keJvm) 

(kealiT m-* h"* K-i) - 1 163 W m-* K"' 

-2.7 X 10-* caliT cm-* i-* K-> 


Apart from the dimensional difference between the three- and 
foucxiitncnsional systems thete is also the alternative between geo- 
metrically ‘rationalized’ and ‘non-tationalized’ versions The con- 
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Electricity and Magnetisn? 






Numerical value of A* in SI unit = i X numerical value 

Quantity 

(symbol) 

Dimension 

SI Unit 

of Am in emu ^ b' x numerical value of A'e in esu 

in 



CGS system 

LMTl 

Name 

Symbol 

electromagnetic (A'n,/emu 

elecuostatic (A'./esu) 






emu 

j h* 

esu 

I >’'* 

Klcctrlc polcnifnl diffcfcnce ((/) 

Electric current f/) 

i 

voU 

ampere 

V 

cm’'2gl/2s-2 

lO'S 

cml/2gl/2s'l 

f XlO-8 

Electric current density (J nt S) 


A 

cm*/®g*/®s"* 

10 

cm2/2gl/2s'2 

10/: 


ampere per 


cm-3/2gl/2s-l 

102 




Cm-l/2gl/2 5-2 

105/: 

square metre 


Electric lincnt ctittcnl density (/I ora) 

L-'l 

amperc/metre 

Am"i 

cm"*/®g*/®s"* 

102 

CinII2gll2s-2 

102/: 

Electric field Ktrength ( 12 ) 

LMT'2|-' 

volt per metn 

Vm-i 

cm>'2gi/!j-2 

30-« 

cm-5«gi/2s-i 

: X 3^^* 

Electric flux dcniiity, displacement (f>) 

L-’Tl 

coulomb per 
sqwre metre 

Cm-2 

cm-a/2git2 

105/471 

cm-112gl/2s-l 

105/(477 0 

Electric (displacement) flux ('/') 

Tl 

coulomb 

C(=As) 

cm^ltgUi 

10/477 

cm®/®g*^®s“* 

30/(4 77 0 

Electric polarization (F») 

L-’TI 

coulomb per 



105 

cm-l/2gl/2s-l 



105/: 


square metre 




E/cerr/c d/polc moment (p) 

LTI 

coulomb X 
metre 

Cm 

cm’I2g>/2 

10-1 

cm5/2g*/2s"* 

10-1/: 

Electric polarizability (ct®) 

M-'TM2 

farad x 
square metre 

Fm2 

cm s® 

105 

cm® 

105/0 1 

Electric susceptibility (xe ....... 

Tl 

1 

coulomb 

1 

1 

cm>'2g>/2 

47T 

1 

cm®/®g*^® S'* 

471 

m 


'-V — 


Volume density of electric charge, 








charge density ((? or r?) 

L-m 

coulomb per 
cubic metre 

Cm"^ 


102 

cm'®^®g*/®s"* 

102/: 

Surface density of electric charge (o) . . 

L-2TI 

coulomb per 
square metre 

Cm-« 

cm-2/2git2 

105 

cm~*^®g*/®s"* 

105/: I 

Capacitance (C) 

L-aM-<T<|2 

farad 

F(=AsV-2) 

cm“* s® 

10» 

cm 

109/0 

Electric resistance (R) 

L2MT-2(-2 

ohm 

n(=VA-i) 

cm S'* 

io-» 

cm- Is 

:» X 10-9 

(to direct current) 






Elecuic conductance (C) 

L-2M-'T2|2 

reciprocal 

AV-2 

cm'* s 

109 

cm S'* 

io9/:2 

f 

(to direct current) 

LO M J-S l-s 

L-2M-'T2|2 

ohm** 

ohm X metre 

reciprocal 

ohm** 

ntn 

AV-»ni-> 


10-11 

lO'l 


0 X 10-11 
1011/0 



S'* 





per metre 



1 

) 

Magnetic poientlal difference (V),..,. 

1 

ampere 

A 

cm*«g*^2s-* 
(gilbert, Gb) 

10/477 

cm2/2glt2s-* 

lO/(4TtO ! 

i 

Magnetic field strength (Jf ) 

L-'l 

ampere pet 

Am'* 

cm-l«g>I2s-I 

102/477 

cmif*gU2s-2 

102/(477 0 I 



metre 


(oersted, Oc)t 



1 

Magnetic vector potential (^) 

LMT-2|-' 

weber per 

\Vbm-> 

cm*/®g*^®s“* 

io-« 

Cin-l'2gII2 

: X 10-9 ; 



metre 





1 

Magnetic fiux density (S) 

MT-2|-' 

tesla 

T(=VI'bni-2) 

cm-2/2gl/2s-i 

10-. 


T 

O 

X 

(magnetic induction) 




(gauss, Gs)^ 



i 

Magnetic flux (d>) 

L2MT-2 1-' 

•weber 

Wb 

cma/Zgi/Sj-i 

(maxwell, Mx) 

10-B 

cm*/®g*/* 

: X 10-9 j 

Magnetization {]fX or JFfj) 

L-'l 

ampere per 
metre 

Am"* 


102 

an**®g*/®s~® 

105/: ; 

(Electro) magnetic moment (iii or n) . 

L’l 

ampere x 
square metre 

Am® 

cm®/®g*^®5''* 

10-2 


0-v: i 

I 

Magnetic susceptibility (j;m or x) 

LopioToi. 

1 


1 

4Tr 


In i 

Magnetic polarization (JT or JBi) 

vjT-Ji-' 

tesla 

r(=Wbin-2) 

:m->'2 gl/2 5-2 

477 X 10-* 


77: xw-* 1 

Magnetic dipole moment (pm) 

L’MT-^I-’ 

weber X metre ' 


.m*/®g*/®s''* 

4i7 X 10-19 

mWgVZ 4 

77: X 10'" I 

(Coulomb’s) magnetic pole strength («) 

L2MT-2 1-' 

weber ^ 

C0'b(=V5) t 

snS/rgi/Ss-t 

4u X 10-* 


rr: X 10-9 j 

Self Inductance (L) 

-2MT-2I-2 

henry 

3( = VsA-1) 

m 

10-9 e 

m'* s® C 

2 X I0'» 

Permeance (A) 

Dc-cIcctrification or demagnetization 

L2MT-2I-2 

acniy 

3( = VsA't) 

m 

*77X10-9 C 

/477 I 

m"* s® 4 

n:* X 10-9 1 

/477 , 

factor (A^ 


1 



I 

Electric or magnetic force (i^)^^ 

-MT-2 

newton 1 

■^(rsjm"*) c 

m g S'® = dyn 1 

0-5 C 

m g 5"®= djit 1 

9-5 , 

Elecuic or magnetic energy (KQtt 

.2MT-2 

oule 

(=VAs) c 

m2 g s-2 = erg 

0-® c 

m®g 5'*== erg t 

O'® 

Elecuic or magnetic energy density .. . 1 

-'MT-2 

oule per 

m"5 c 


0-1 c 

m-*gs"® 1 

O'* 1 



cubic metre 





j 

Electric or magnetic power (F)^t ..... 1 

.2MT-2 

watt \ 

!?(=%' A) c 

m® g s'® I 

0-2 c 

Tings'® 


Poynting vector (S) (surface density of 

IT-’ 

vait per \ 



0-2 g 

s-3 K 

-3 

power in an electromagnetic wave) 

C'm * g 





quarc metre 







* f = 2.997925 X lO'o (3/= ±3 X lO'ms-’) 
l/f= 3.335 640 X 10->* 

{2 = 8.987 55 X 1020 
1/J2= 1.112650 X 10-2* 

47t= 1.256 637 X 10 


l/4rr= 7.95775 X lO'* 
4 It C= 3.767304 X lO” 
l/4itf= 2.654418 X lO'J* 
471^2= 1.129409 X 1022 
1/47cC2= 8.854 19 X lO'*’ 


*• Of!enCTllcd'mlio’.Tliemrric5icmcns.idoptcdbytI'.erECinl93-. , 

will come up lor approval as name of the SI uni'tofconcJucf.tnccrf 
next General Conference of W eights and Nfcasurcs. 
t The names oersted and gauss arc often interchanged, 
tt See also under ‘Force*, ‘Energy’ and Tou-cr*. p.iges 2n-2H. ' 
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Radioactivity 

l.Baiic concepts 

The wjm nutliJt indicitci a apeciea of atom hieing apecifiedoum* 
ben of protons and neutrons in its nucleus Nuclides of one and the 
same chemical element, i e , nuclides with the same number of 
protons and differing only in the number of neutrons, are known 
as>ni/ti/><jofiheelement concerned Insome nuclides eariousenergy 
states of the nucleus with finite lifetimes ate possible. These states 
are called titmm of the nuclide. Isomeric muhits have the same 
numbers of protons and neutrons and differ only m tbeit ene^ 
content and thus their lifetime. 

The natureof a nuclide is indieated unambiguously by ihechemi* 
cal symbol of the clement and the number of nucleons (sum of the 
protons and neutrons — mass number) shown as an upper index to 
the left of the element symbol (e g , ‘'C. *'P) Additionally, the 
numbcc of protons (atomic number) can be given as a tower index 
on the left. Itomets m an excited, metastable state are indicated by 
a tight upper index 'm' (e g , 'tTc") 

LRadloactlvlty and law of disintegration 

RadioactiTity is the property of certain nuclides of spontaneously 
emitting either particles or gamma tap from the nucleus (nuclear 
radiation) oc X rap from the shell after capture of anclectronftom 
the shell by the nucleus (chaneteriscic X radiation) Except for 
laometie transitions, this ptoceis alvsys results m s change in the 
nature of the nuclide (radioactive transformation or radioactive 
disintegntion) Nuclides possessing this property ate known as 
radionuclides 

It IS impossible to predict the lime when an individual atom will 


-dN-iNd/ 

If at lime zero atoms of an isolated radionuclide ace present the 
number A', of atoms not yet disintegrated at any tune / is given by 

Af.-N.e'*' 


« page 221) 

Hw wilt of activity in the International System of Units 
reapcocal second (s**)* ; the commonly used unit is the curie ' 
lCi = 37xlO»» s-'** 

Decimal multiples and submultiples of the curie ace 
1 megacucie (hlCi) ■= 10* Ci = 3 7 X 10‘* i** 

1 kikKutic (kCi) = 10> Cl = 3 7 X 10“ s*t 
1 millicunc (mCi) -» 10-s Ci = 3 7 x 10’ a-* 

1 microcurie (iaCi) = lO'* Ci =37x10* a*‘ 

1 nanocurie (nCi) *= 10'* Ci =37x10* s** 

1 pKocune (pCt) = 10'“Ci = 3.7 X 10**i*‘ 

d.SpccUie activity 

The tpeafit atlinly aef a raJmaeUH material (for instance a ra‘^‘°' 
active solution) is the activity A of the radionuclide contained " 
divided by the mass m of the material , 

_A 


This quantity la a chatacttristic constant of the tadionucUdf 
ptessmgthe maximum specific activity attainable (i c ,m the car''*' 
free state)’ 

aAf> 

M 

= 1.63x10“^ Cl g» 

where Na is the Avooadxo constant, M the molar mass in 
per mole (see page 227) of the radionuclide, At its relative at^ 
mass (see page 226) and a the value of its decay constant in t~' 


Table I Reciprocals of the specific activities of some radionuelf^ 


Nuclide 

Tilt 

l/em«Cr»_ 

*«Na 


0 000000 11.^ 

«»'l 


, 0 0000081 

ssp 


0 00000352 

«Ca 


0 0000566 

1 leC 

1 5&7Q a 

i 0187 


Theer/in/yroRrm/rerisnof a radioactive material (liquid 
ous.atagivefi temperature and pressute) is the ratio of the a^*,j- 
of the contained radionuclide to the volume of the material 
commonly used unit is the curie per litre (Ci 1"*) or a decima* "" 
t^le of It. A special unit of activity concentration used in bi* 
wgy for the activity concentration of water containing "’Rn * 
eman. 

1 eman = 10-i« Ci l-i 

The Mache unit formerly in common use is equal to 3 64 


In equal time intervals the number of radioactive atoms decreases 
by the same proportion, the time interval during which the number 
decreases by half is known as t.\ie half-life {Tm) 

- In^ ^6W 


RwlUtlon doalmMry 


The tetiptocal of the decay constant 4 has the dimension of time 
and It known as the mean Ufttme » s is the lime during which the 
number of atoms of a radionuclide falls lo the fraction 1/e («ii37*/4) 
of ns original value 

AAetlviiy 

The quantity — (d.V/dr) = k i e , ihe number of radioactive 
transformations taking place m a sample during the time d/ divided 
by this time intervil, is called the aetmlj A It la a measure of the 
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(!’ot references see page 221) 


l.lnuoiluctory 

In accorcliincc witli the fnncliimcntal GnomiuS'DnAnnR law for 
ratiiiUion of any kind, when mailer is traversed by energy-rich tadi- 
ntion only that part ofthc energy that is absorbed can havean action 
on the matter. With ionizing radiations this absorption of energy 
occurs in several stages® before it becomes evident biologically. It 
has been agreed internationally that ‘energy imparted to matter’ 
shall he understood to mean only that energy manifc.stcd as ex- 
Citation, foni/^uion or change in the chcmicnl bond energy of the 
atoms or molecules. This dosimctrically important quantity is de- 
fined'’ as follows; 

The tiitrfy Eli iffi/wr/fd by ionizing radiation to the matter in a 
volume is the diircrcncc Iictwccn the sum fJm of the energies (ex- 
clusive of rest energies) of all the directly and indirectly ionizing 
p.trticlcs which have entered the volume and the sum ofthc 
energies (exclusive of rest energies) of all those which have left it, 
minus the energy equivalent Q of any increase in rest mass that 
took place in nuclear or elementary particle reactions within the 
volume; 

/Jll-SG.n-SCcx-i-SjS 

Whereas there can he no confusion concerning the energy totals 
fain and Hrx it is necessary in the ease of j2 to be quite clear .as to 
whether the nuclear or elementary particle reaction is exothermic or 
endothermic, i.c., whether J2 is positive or negative. Forex,ample, 
the absorption of a photon in the volume concerned may produce 
an electron pair (electron -h positron), an endothermic process; for 
this reaction therefore j 2 = -f 2 r* {me is the rest mass of the 
electron, r the velocity of light) for each interaction. 

The abiarbtd dost is the amount of energy Ed imparted to the 
matter divided by the mass m of the mattet (see below). The most 
important task of dosimetry is to determine this absorbed dose, 
which is now regarded as the most meaningful quantity to which 
the observable chemical and biological effects can be related. The 
absorbed dose is the result of certain physical reactions between 
radiation and mattet, reactions that arc in turn dependent on the 
nature, intensity and spectral energy distribution of the radiation 
and the atomic composition of the material. 

Radiation fields in the body are usually non-uniform in space as 
well as in time. Thus there may be non-uniform distribution of the 
absorbed dose at the boundary surfaces of soft tissues or bones, 
while the pulsed electrons from particle accelerators constitute radi- 
ation non-uniform in time. The quantities concerned must therefore 
be determined for regions of space or intervals of time so small that 
any further reduction would not appreciably change the values of the 
quotients measured. This requirement necessitates the use of some 
limiting procedure, and in the ICRU definitions’ the quantities are 
presented as quotients of small differences. As the ICRU Reports’ 
point out, the region of space considered also has a lower limit of 
size, for it must still be large enough to contain many interactions 
and be traversed by many particles. If it is impossible to find a mass 
fulfilling both these conditions the dose has to be deduced from 
multiple measurements involving extrapolation or averaging pro- 
cedures. The symbol A is placed before symbols for quantities con- 
cerned in such averaging procedures. 


2. Radiation field quantities 

A radiation field is a region in vacuum or mattet that is traversed 
by radiation. 

AN 

2.1 Particle flueme ~ 

whete AN is the number of particles* entering a sphere of cross- 
sectional area Aa. 

2.2 Particle jinx density or particle jiuence rate 


<P = 


At 


where AtP is the particle fluence in time At. 

AEv’ 


Aa 


2.3 Energy jiuence 'V = ■ 

where AEw is the sum of the energies, exclusi-ve of rest energies, of 
ail the particles entering a sphere of cross-scctional area Aa. 


2.4 Energy jinx density or energy jiuence rate p = 

At 

where A'l' is the energy fluence in the time At. 

3. Interactions 

Since the great majority of radiations used in medicine ate X raj 
gamma rays or electrons discussion will be limited here to the intt 
actions of photons and electrons with matter. Neutron/mattet intt 
actions and neutron dosimetry fall outside the scope of the presc 
article, 

3.1 When photons collide with atoms or molecules, electrons a: 
liberated (as a result of the photoelectric effect, CostPxoN effectau 
pair production) and absorb some of the energy of the photons. 


* In this chapter the expression ‘partide’ is understood to include not only 
corpuscles like electrons, protons, neutrons, etc. but also photons. 


Afass energy transfer coefficient 


Q 


1 

Eq 


AEk 

Al 


where AEk is the sum of the kinetic energies of the secondary cicc 
trons liberated in a layer of thickness Al and density q, and E is th 
sum of the energies (excluding rest energies) of the photons inci 
dent normally upon the layer. 

3.2 When charged particles collide with atoms or molecules, par 
of their kinetic energy is lost in collisions with atoms or molecule! 
due to ionization, electronic excitation and production of hterns 
sttahiung. 

Mass stopping pos'er ~ — — ~ 

Q Q At 

where AE is the average amount of energy lost by a charged par- 
ticle of energy E when traversing a path of length Al in a layer of 
density q. 

Sefg ~ electron mass stopping power 

4. Quantities and units of dose 
4.1 Absorbed dose and absorbed dose rate 

4.1.1 Tneabsorbed dose* Z?produced by ionizing radiation in matter 
is the quotient of AEd by Am, where AEd is the energy imparted 
by the radiation to the mattet in a volume element and Art = 
e X A Kis the mass of the mattet In that volume element; 


D = 


AEd 

Am 


1 


The expression ‘integral absorbed dose’ still in common use thus 
simply means the amount of energy imparted to matter (see un- 
der 1. above): 

•Eo = S (A>i • Acti) 

1 

In medical radiology ‘matter’ could for instance be a single organ 
or the whole body. The term ‘energy imparted to matter’ is much 
to be preferred from the point of view of clarity. 

The special unit of absorbed dose is the tad (rd): 


1 rd = 0.01 J kg-> = 100 erg g-» = 2,388 X 10-« ahr g-' 

= 6.242 X 10” eV g-> 

4.1.2 The absorbed dose rate D is the quotient of AD by At, where 
AD is the increment in absorbed dose in the time Af. 


D-- 


AD 

At 


When the conditions arc such that there is no variability in time 
b = D\t. 

Special unitsof absorbed dose rate arc tad per second (rd s'*), rad p 
minute (rd min-*), rad per hour (rd h'*), etc.: 

1 rd s~* “ O.Ol W kg-* 

The direct measurement of absorbed dose or absorbed dqsc rate 
is possible only by means of calorimetry- in phantoms and is vcp 
time-consuming. In practical dosimetry indirect methods ore iis^^^. 
particularly those based on ionization measurements in ait, m u n ■ 
the absorbed dose is obtained by simple calculation. 


* The designation ‘.absorbed do'c’ has been criticized on the pfcund' 
an ‘absorbed dose’ can be produced only in matter and not tn 

this reason this quantity is known in the German literature as cn g. 
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2 Expastrt ixpsitrt ra-'l 

4il Thetx^rtr* (.V) is the quotient of ^.sibcre A2 


.y.^2 


Tkesj«ciil*>o.*#/«jij«f*rftstheroentgea** (R), defined as 
1 R = 2J« X l(h« C kg-* (eiictfy) 

From the definition of the toentgei and the elementary charge 
^ 1 tW X lO"'* C It follows that an exposure of 1 R produces 


•ai-e crethods as etposure and has the same numetiea) value when 
taptessed in roentgen. 

titttrvt exists at a point in tcactcf when the 

last of the knetic energ’esof the photoo-pcodueed secondary clec- 
tfofts ersetsig a voFatre eoctaimng this point is equal to the sum 
ct the knetie energies of the secondary electrons leavcnq this vol- 
ur-e. This eqijlibnum can be established in an lonmtion chamber 
by enclosing the Tohi.'"e of air by a wall equivalent to air, for 
' "Stan ce gtaphite. of a thickness at least equal to the range of the 
secondary «i<etrt»a in this walL A further condition ts that the 
mean wage of the photon-ptodueed secondary electrons is small 
compared to l,'» (jt being the Imett itteoiatioQ eoertKieat for the 
phoioea). Since th is second condition is spproxifflately fiilfilled only 
for phceona of energies up to about 3 MeV the equilibttum ion dose 
ein be trcisuted onlr when the photon energy is below this lewL 
The iTRoduetioR of the lonaation <ha.*tibet must not oociceably 
d-ttutb the nduiion Feld of the photons. 

4^ The ripuarr re.V (XT is the quotient of iX by A/, where 
i.Y IS the inetemere m exp os ure in time i/- 



^hen^he conditions are lueh that there is eo variability in rime 

Special •nit •{ rvpe/wv rtit are toentgea pet lecoed (R s-*). 
roentgen per miraie (R mm* ‘), roentgen pet hour (R h*'), etc. 

lR,s-2d4 X tO-‘Akg-‘ 

Nor included m the ICRh Repom^butappraimgisiheappio- 
ptia'eOertua DIN $ca.-vlatd^ is the quantity 'too dose’, applicable 
I o a!' ka%!s of ndatiOQ except ocations. 

4.i3 The mint ] produced by tonirm* radution in miner is 
the quotient of iQ bv Aw », where A2 n the electric charge of the 
ions of orie tisn forred duectly or indirectly by the ndutioo in ait 
m a volume eteireri At". a.Td Aw* is the mass of the air of dctuity 
ri m thit Tot. me element 



The tpecul m tt nm iin is likewise the roentgen (see above), 
leom the defi.*utioo of the foentsen and the elementary charge 
• *. 1 <*.'2 . i>-i» C It folkiws that an kxi dose of 1 R produces 
1 610 10>*K« pairs per gramme (ZOK * 1C* ion pairs percubic 
ce-^i-’wtre) of air at rs tir-t—jl densiry of 1.30> mg cm-*. 

^Thexwi.vran/is the quotient of A/ by A/, where A/is 
the Kxnement m ion dose m time Ar 


*^* **‘''*' ** ’"ubihty in tnre 

The ipetul m-'j mm i-it rt't are toertgen per second (R a-i). 
rYw-tgen per i-imi«e (R trm-'), roenteen per bout (R h-*X etc. 


^ ** Th .1 ee T ij curenatv ijer-xsl wih ihe olj 


' (tS. dewird as t 


:s of exposure rate and it 




IcnRh-s - jl 
- 36 
IRh-* - 10« 
IRmia-*- 6x10' 
JRi-* -3.6x10* 


18x10* 

1.7x10* 


1.7xl0-»|28xl0- 
6x10' 
I.7xlO-«'28xlO- 
1 |l.7xl0- 

60 |l 


instance air) the frx^Cri^re>ii/i/ii)>u are fulfilled when 

(a) the flux density of the first generation of electrons and their 
energy distribution remain unchanged by the cavity filled with 
matetid B. 

(b) the energy of the secondary electrons produced by the photons 
ui matetial B is negligible in comparison with the energy un- 
ported to mat etui B, 

(c) the flux density of the eleettoni of all generations within the 
iraterul B is uniform throughout. 

These conditions can be apptoxirrutely met if the avity contains 
air and its linear dimensions are small compared with l/*< (jt being 
the linear aneouation coefficient for the photons) and compated 
with the mem range of the secondaty electrons. The walls of lueh 
a cavity soruzation c.hamber must either be very thin or have values 
for mass energy transfer eoeificieot <;»/? and electron mass stopping 
power y,/gdevE)iiag onJv slightly from those of the surrounding 
material .A la ocher words, the ionization of the air molecules in 
cbeeaviry by the photeets must be due predominantly to the seeon- 
daryelecttona produced in the surrounding material A In order to 
reduce boundary layer elfens between the matetui of the wall and 
the air tn the ovity resulting from low-energy delta-elearons the 
umer side of the waJ must be covered with a graphite byer about 
1 iim thick. If this IS not done the mean cavity ion dose will be 
dependent on the volume in which the dose is being measured 

S. Coaversioa of dose quaatiaee 
S.l The absorbed dose Du for air is obtained from the ion dosey 
(measured as /.* or J,) 

Da « Via -J 

where Vka » 0 869 rd/R is the ionization constant of air, obtained 
from the average esern £i {= 33 7 ek*) required for the fottnation 
of an Ion pair in air, from the elementary charge e and from the 
rebiiocsbip 1 V - 1 J/1 C 2.58 x 10-‘ rd R ' Above about 
10 keV, UtA remains practically constant over a wide energy range 
5 2 For photon irradution the absorbed dose Dz it the point of 
interest in fnaterial Z is obtained from the absorbed dose Da at the 
same point with secondary electron equilibrium in air (see pata- 
grapbAil 1 above) in accordance with the tebtiooship 
Dz^aDa 0i«/g)i/0<«/g)* 

where Oi«/e}i and are the mass energy transfer eoeffiaents 

I*" P«ragTaph 3 J, page 218) of the materul Z (for instance body 
t issue s) and air respectively for photons of energy E. For a photon 
speettum the values (^«/g>a and (/<«/?)* averaged over the spec- 
trum must be used instead. 

fw the t-Kpann X** the conversion equations are as follows 

(a) for photons of uniform energy Ex 

Dt -f-X. Wlth/= (/.* . (j.Ah)zl(M*lll)A 

(b) for a plmon spectrum. 

Oa»/. X, with/= t/u- 
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sothcjl tlosc Da for nir niMsiircd nt the s.imc point mdtr DragR-Cray 
(miili/iaiir (see pnrnf’tnph 4.2.5 above) in accordance with the te- 
l.aiionihlp 

/;/.-/JA-(.Vo/p)r,/(.f,/o)A 

wjicre (Srlc)^ and (J«/c)a are tlie electron mass stopping powers 
(see paragraph 3.2, page 218) of the material Z and of ait averaged 
over the electron .spectrum. Using the cavity ion dose /c the conver- 
sion equation is as follows: 

Withg r-t [/lA- (3\,/o)z/(ji,/())A 

Values of the conversion factory for ait, water and soft tissues are 
given in Table 5. 


5, Relation of absorbed dose to radiation field 

6.1 For photons of uniform energy the energy flux density Vph 
of the photons at the point of interest is related to the absorbed dose 


Taide 3 Conversion foctac/ = DjX 




/in rd R"^ for 


HinMcV 

Air 

Wafer* 

Soft 

tissues** 

1 Bone 

(compact)** 

0.010 

0.869 

0.912 

0.925 

3.54 

0.015 

0.869 

0.890 

0,916 

3.97 

0.020 

0.869 

0.877 

0.916 

4.23 

0.030 

0.869 

0,870 

0.910 

4.39 

0.04 

0.869 

0.873 

0.919 

4.14 

0.05 

0.869 

0.893 

0.926 

3.58 

0.06 

0.869 

0.915 

0.929 

2.91 

0.08 

0.869 

0.937 

0.939 

1.91 

0.10 

0.869 

0.942 

0.948 

1.45 

0.15 

0.869 

0.964 

0.956 

1.05 

0.20 

0.869 

0.971 

0.963 

0.979 

0.30 

0.869 

0.964 

0.957 

0.938 

0.4 

0.869 

0.967 

0.954 

0.928 

0.5 

0.869 

0.964 

0.957 

0.925 

0.6 

0.869 

0.964 

0.957 

0.925 

0.8 

0.869 

0.967 

0.956 

0.920 

1.0 

0.869 

0.967 

0.956 

0.922 

1.5 

0.869 

0.966 

0.958 

0.920 

2.0 

0.869 

0.966 

0.954 

0.921 

3.0 

0.869 

0.964 

0.954 

0.928 


* From National Bureau of Standards, Report 8681, U.S.Govcrnmcnt 
Printing Office, Washington, 1965. 

** From National Bureau of Standards, Physical Aspects of Irradiation, 
ICRU Report 10b, /9d2,Handbook 85, U.S.Government Printing Office, 
Washington, 1964. 


rate D at the same point when there is secondary electron equi- 
librium as follows : 

d3= {tiKlc)'Vvh 

Similarly, for the absorbed dose D and the energy fiuence IPp!, of 
the photons, 

where px/o is the mass energy transfer coefficient of the materia] 
for photons of this energy. 

6.2 For electrons of uniform energy the particle flux density y, 
of the electrons at the point of interest is related to the absorbed 
dose rate D at the same point under Bragg-Grat condition as 
follows: 

D = (SiIq) ■ q>r 


Table 5 Conversion factor J = Djjc 


Radiation 


/inrdR"^_for j 

Quantum energy or 
electron energy 

Half-value 
layer or 
radionuclide 

Air 

VC'atcr 

1 Soft 1 
tlssvss ] 

I i 

(a) Bremsstrahlung 
at 400 kV tube 
potential 

4.2 mm Cu 

0.87 

1.01 

1 

j 

i 

1.00 j 

0.66 MeV 

>”Cs 

0.87 

1.00 

1.00 i 

1.25 MeV 

">Co 

0.87 

0.99 

0.99 i 

Bremsstrahlung 

15 MeV 


0.87 

0.9S 

0.97 1 

Bremsstrahlung 

30 MeV 

_ 

0.87 

0.95 

0.94 I 

Bremsstrahlung 

45 MeV 

- 

0.87 

0.94 

0.93 1 

(b) Electrons 

5 MeV 


0.87 

0.92 

i 

0.91 I 

10 MeV 

- 

0.87 

0.8S 

0.S7 ; 

20 MeV 

- 

0.87 

0.84 

0.83 i 

30 MeV 

- 

0.87 

0.82 

0.S1 ; 

40 MeV 

- 

0.87 

0.81 

O.S0 

50 MeV 

- 

0.87 

O.SO 

0.79 . 

I 


1 


— 


When calculating the absorbed dose for soft tissues embedded in bone 
the factor for the latter should be used since the effect of bone has already 
been allowed for in measurement of the casdty ion dose. ^ 

Values (a) from National Bureau of Standards, Physital Asptsls oflrr^i' 
alien, ICRU Ripart tOb, 1962, Handbook 85. U. S.'Govemroent Printing 
Office, Washington, 1964; (b) calculated from Berger and Srirata. 
Tables of Energy Losses and Ranges of Electrons and Positrons, SASA SP.301.^ 
National Aeronautics and Space Administration, Washington, 1964, ana 
Addstionai Stopping Poo-er and Range Tables for Protons, AUsons entd E>e*' 
Irons, NASA SP-3036, National Aeronautics and Space Administration, 
Washington, 1966, 


~abie 4 Conversion factor/ = DjX 


Radiation 


Tube 

potential 

inkV 

Filter 

Half- value layer 

mm Al 

mm Cu 

mm Al 

mm Cu 

50 

1.4 

_ 

1.2 

0.03 

100 

- 

0.2 

4.2 

0.18 

150 

- 

0.5 

- 

0.75 

200 

- 

1.0 

- 

1.45 

250 

- 

1.5 

- 

2.35 

300 

- 

3.0 

- 

3.5 

400 

- 

3.0 


4.2 


Air 


0.87 

0.87 

0.87 

0.87 

0.87 

0.87 

0.87 


/ in rd R~t for 


Water 


0.88 

0.89 

0.92 

0.94 

0.95 

0.96 

0.96 


Soft 

tissues 


0.93 

0.92 

0.94 

0.95 

0.95 

0.95 

0.96 


Bone 

(compact) ^ 


4.2 

3.6 

2.3 

1.6 

1.4 
1.2 
1.1 


. Phsirot AlP-'< 


When calculating the absorbed dose tor son .issues — 

tlrmeasured exposure a value of/ should be chosen lying between those 
for soft tusues and bone and depending on the distance of the bone from 


the point ol measurement ^cr. i\anoriaj ijmeau w - - - ,rr!«r- 

ofIrradiation,ICRURtporS lOb, 1962, Handbook 85, U.S. Goremmen 
ing, Washington, 1964). 
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■ulatly, for the absorbed dose D and the particle fluence of 
electrons, 

D = y./p) ■ «P. 

,ete 5»fp is the electron truss stopping power of the material Car 
cttoni of this energy 

Since the coefficients rm/p and J./p are themselves functions of 


s an energy spectrum, in which case mean values of the coeflj- 
rnts ovet the spectral range must be used. 


If anumher of different radiations ate present simultaneously the 
total dose equivalent is the sum of the dose equivalents of the 
individual radiations: 

For dote equivalents the unit rad is given the speeial name rem 
(symbol tern): 

1 tern •= 1 fd 

Tfee term tern is reserved enclusrvtiy for cxptessing dose equiva- 
lents, to that data given in this unit ate immediately recognizable 


Relative biological eflectiveneis (USE) 



f-Os/O 


here Z) is the absorbed dose of the radiation under consideration 
rnt produces a particular biological effect, and I>« the absoibed 
o'e of a standitd radiation (at present hard filtered 200 VV X rays) 
sat produces the tame effect under otherwise identical conditions 
be RDE factor is not a constant for a particular kind of radiation 
ince dilfetrni values are obtained depending on the nature of the 
'radiation reaction being observed, on the kind of biologicat sys- 
etn under study, on the stage of development of the obiect being 
rradiated, and on the distribution of the tbsotbed dose m space 
nd time’ Since the RQE factor as such is unsuitable for use in the 
ield of radiation protection the ICRU* has recommended that the 
erm RBR should be employed m tsdiobiology only 

I Dose equivalent end quality factor* * 

Inpditiion protection the place of the ROE faetot ( istakenby 
:he quality factor* 4, end that of the absorbed dose of the siartdard 
radiation - which is not used m radiation protection - by the dose 
iquivaicnt* D,, defined as follows 

The concept of dose equivalent is intended for use in radiation 
protection only The quality factor 4 is a dimensionless number 
whose magnitude depends mamly on the nature of she radiation, 
(he paRMt« energy and the eonditiani under which the irradiation 
lakes pure In practice, agreed conventional values of 4 are used 
based on the reUiive biological effectiveness t The dose equivalent 
IS equal (oihe absorbed dnse produced by a standard radiation with 
a quality factor 4— t (at present 200 kV X rays), ihisabsorbed dose 
IS considered from the point of view of risk to be the same as the 
absorbed dnse produced by the actual radiation with a quality fac- 


9. Spccidc gemma ray constant 

The speafac gamma tay constant /” of a gamma-emittmg radio- 
nuclide is the quotient of/’ X A,Vby the activity^ of the nuclide, 
where is the exposure rate at a distance / from a point source 
of she nudide and the gamma rays are assumed to undergo no ab- 
sorptioit cither la the sample or oret thedistanceA 


A 


Jc IS normally only the exposure rate resulting from gamma 
radiation and from the annihilation radiation of positton-emitting 

(UscUdes UtheXtayiduetointernalconversionofelectfoncapture 

are not included this must be clearly stated when giving the specific 


Ta*** . numefically •/■*• = 0 825 R h** m* g"’ 

The special unit of specific gamma ray constant is 
roentgen X square me tre 
hour X eucie 
Foe »’*R8 she unit 1$ 


roentgen x square metre 
hour X gramme 


(R h** m' g**) 


If the aeiivuy A or the mass of the radium is known thi 
exposure rate at the distance / can ihetefore be calculated pcovidet 
absorption of the gamma tays in the source and intervening air 11 
neglected 


• The isTTiho] QF used mihe ICRU fteports*, like Ihc symbol DC foe dose «quxTaUm,if mconscnient for vie in formulse. 
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Electromagnetic Radiation - Light 


Quantity* and definition' 


EIcctromngnollc radiation (r.icit'nnt qunntitics) 

Name 

S)'mbol 

/ion •*2' (of is the energy emitted, transferred or received as radia- 

joule 

J 

T lie l•ad^arll energy density v is the radiant energy in an clement of volume divided 
by that clement; »■ =. djQ./d V. 

joule pet cubic metre 

J m-' 

flic rndinnt flux or radiant power tPe is the power emitted, transferred or received 
as radl.ition: <r>,r^-Pr^ dQ^jdl, 

watt 

W 

The spectral concentration of radiant flux** ifi.i is a spectral distribution function of 
radiant flux, i.e., the radiant flux in an infinitesimal wave-length interval divided by 
the range of that interval: "Pr == J tf>fj dA. 
tPvi is often given in watt per nanometre (1 W nm'' = 10' W m-t). 

watt per metre 

Wm-' 

The radiant intensity /« of a source in a given direction is the radiant flux leaving the 
source, propagated in an clement of solid angle containing the given ditection divided 
by that clement of solid angle: <fie = f/odf3. 

watt per stersdian 

j 

Wsr-' 

The radiance Lt, at a point of a surface and in a given ditection (0 = anglehetween the 
ditection and the normal to the surface) is the radiant intensity of an element of the 
surface divided by the area of the orthogonal projection of that element on a plane per- 
pendicular to the given ditection ; <6^ == f dfl = Jf Lt cos 6 AA dfi. ' 

watt per steradian per 
square metre 

t 

W sr'^ nr* j 

The radiant cxitance ilf« at a point of a surface element is the radiant flux leaving an 
element of the surface divided by the area of that clement: (Pe = J AA. 

watt per square metre 

i 

W m-’ 1 

1 

The irradiance He at a point of a surface is the radiant flux incident on an element of 
the surface divided by the area of that element: (Pe == J He d^l. 

watt per square metre 

j 

\Vm-* 

The radiant exposure He is the time integral of the irradiance: 1 EtAt. 

joule per square metre 

J m“' i 

The (hemispherical) emissivity of a thermal radiator e is the ratio of the radiant ex- 
itance of the radiator to that of a black body at the same tempetatute: e = MelMe,,***. 

1 

{ 

1 ! 

The spectral (hemispherical) emissivity of a thermal radiator e(A) is the ratio of the 
spectral concentration of the radiant cxitance of the radiator to that of a black body 
at the same temperature: e(A) = MetlMei.P. 

1 

1 

[ 

1 

The directional emissivity of a thermal radiator e{S, <p) is the ratio of the radiance of 
the radiator in a given direction (ff, ip) to that of a black body at the same temperature: 

e(^, ip) “ He/He, t " / Eei AAf / Eel, a dji. 

j 

i 

J 

The spectral directional emissivity of a thermal radiator e{A;9,<p) is the ratio of the 
spectra! concentration of radiance in a given direction (&, ?>) of the radiator to that of a 
black body at the same temperature: c(A; y) = LeijLei.t < 1. 

• i 

1 

1 

Light (luminous quantities) 

1 


The luminous flux (Pv is the radiant flux evaluated photometrically, i.e., by its action 
on a selective receptor. The spectral funrtion for evaluating the spectral concentration j 
of radiant flux <Pe» is the spectral luminous efficacy A'(A) or the spectral luminous effi- j 
ciency k^(A): <Pv = f K(A) <Pci dA — ATm.x f V (A) (Pei dA. 

lumen . 

1 

) 

j 

Im = cd sr 


* Where there is no risk of confusion bcrvceen radianl gimnliliti and the 

corresponding tminoui qmnliliit (i.e., the photometrically evaiuatcd 
radiant quantities), or where the discussion concerns exclusively one of 
the two kinds of quantities, the subscripts of the symbols (‘e’ from 'ener- 
gy*, *v’ from ‘visible’) are omitted. 

*♦ Where there is no risk ofconfusion with the so-called spectral quanti- 
ties - for instance £(,1). K{X), V{X). eW. afA), t(A) - whkh though func- 
tions of wave length are nevertheless not spectral distribution functions 
in the sense of differential quotients with respect to wave '="8*- 
‘spectral concentration of a’ quantity X (i,c„ A , = dA/dA) may be des- 


ignated shortly the 'spectral* quantity X. Thus the 'spectral concentrane 
of radiant flux* may be abbreviated to 'spectrt! radf-int flux . 

Afe 9 is the unpolarizcd radiant cxitance of a black body at the tc .* 
pemute Ti AU % ^ aT* (for the Stlfas-Boltzmann constant o 
see page 228). ^ 

t is Planck's expression for the unpoUrized spectral . 

tion o*f radiant cxitance of a black body at the temperature 7 : * ti.* 
^ (cxp(f 2 /;ir)- ll'» (for the Ut and 2nd Planck ndianon con 

swnts.ci = 2tc and f 2 sec page 228). 



Light 


Quantity* and definnion* 

SI Unit 

Name 

Symbol 

Light (continued) 



-■. =■ =■’- '• ' ■" " ■ ' 

lumen per metre 

1 Im m'* 


1 

lumen per watt 

1 

Im W-« 

The apeciral luminous efficiency V{1) is the ratio of the spectral luminous efficacy 
(at a specified u-aye length 1) A'(2) to the tnaaimum spectral luminous efficacy Kmu • 
i'(2) - 1 

1 

1 

1 

1 

The quantity of light is the time integral of luminous flua.jp,=el®»d/ 

jje IS often given in lumen hour (1 Im h = 3600 Im s) 

lumen second 

Im $ » cd SI 

The luminous Intensity /, of a light source in a given direction is the luminous flua 
leaving the light souiee, propagated man element ofsolid angle containing the given 

candela ^ 

cd 

tnette 

1 


Tv.i.~Ui..-.r vi^--''s- •‘•••s-' -s- .- • • • 

candela per square 
mette 

cd m** 

The luminous ealtance //t*' tt s point of a tutface is the luminous flux leaving an 
element of the surface divided hy the area of that clement » J A/« dA 

lux 

lx — 1mm"' 

“ cd It ff 

The lllumlnanee £< at a point of a sutface is the luminous flux incident on an ele> 
BstBiof sheaiufare dividwji^ ibeawanf ahat ttxmexu «•.< £»4«4*** 

lux 

Ix — Im m*i 
• cdat^.i 

The light exposure //• is the time integral of illuminance H, «• f £* d/. 

lux second 

ixs 

— cd sr m*' 

The luminous efficacy 17, of a light source is the luminous flux emitted, Ct, divided 
by the power consumed. >!• = 

lumen pec watt 

ImW-i 


• S« 212 

•• W footnote PRC 222 

o/hghi in ninomeire (am)) 

2 K« 2 I '(2) 


Qcy l'(2}iiairr(Mnl giTm the Mlowing inWraatracuUywnptcti ti 


2 IT2) 1 2 n*) 

2 I'W) 

2 IT2) 

2 6'(2) 

2 1^(2) 1 2 V(2) 

i t'la) 

480 0131 1 520 0 710 
490 0 208 I 330 0 8«2 
500 0 323 540 0 954 

510 0 503 ! 550 0995 

SS5 1000 
5<0 0 995 
570 0 9S2 
580 0870 

590 0757 
600 0 631 
610 0 503 
620 0 381 

630 0 265 
640 0 175 
650 0 107 
660 0 061 

670 0 032 
680 0 017 
690 0 008 2 
700 0 0041 

iiil 

750 OOOC112 
760 OOOQ05 


t qutniiiitt telMrd to (be tpeetnl luminoui t 
lo pholopK Tinon (pore cm> euionX (he lumi 
on on lilunntutioo, 19S1), I e , (bow olited d 


• dtjrUght Ti 

itiea relited ' 


on 2^(2) (International Comr 


* aquare centimetre (1 cd em"* » 
■1 the ililh (*h^ 0*he*> •»" -t"— 


la giTcn bp the rela 
definitioo of the ci 


lonthip C,’’ 1 1, iO = I M,dA togethet •aid, .u, 
ideta. ai followi 

't *1^(2) 2-»!eap(„Mr«) - Il-l d| _ s„ X tn-.„. 
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Light “ Acoustics 


p 

Qu.intity* nnd definition' 

SI Uni 

t 

Lloht (concluded) 



Hic spectral rcncctnncc ptA) is the Mtio of the spectral concentration of the reflected 
luminous) flux to that of the incident radiant (or luminous) flux: p(2) = 

1 

1 

The spectral nbsorpinncc a(2) Is the ratio of the spectral concentration of the absorbed 

incident radiant (or luminous) flux: a(2) = 

1 

1 

The spectral transmittance t(2) is the ratio of the spectral concentration of the trans- 
mitted radi-ant (or luminous) flux to that of the incident radiant (or luminous) flux- 
t(2) eer ' 

1 

1 

The reflectance p, absorptance a and transmittance t arc the respective ratios of the 
reflected, absorbed and transmitted radiant (or luminous) flux (Pr, <P, and (P,r to the 
incident radiant (or luminous) flux The following relationships hold for the quanti- 
ties p, a, r and p(2), ot(2), r(2): 

1 

I 1 

p J tP, p(2) dA/J dA = <I>r/<P 

£.=/<!>; a(A) dA// tPj dA = <P,/<P 

T = J (Pj t(A) dA/J (Pj dA = tPir/tP 

ers 0f “I- 

0-}-a-f T = o(A)-f-a(A)-bT(A) = l 



* See footnote *, page 222. 

For a thermal radiator emitting or absorbing in any diteaion (t), 9 >): 2 Comitd International des Poids et Mesures, Pm.-Vtrb. Cen.hl.Peidi 

a(A;i),ip)= t(A; 0, (;)) = itj/Z-cj, , <1. rWt/., IS. 65 (1933). 

^Comitd International des Poids ct Mesures, Pn:.*l^erb.ComJnt.Poidi 
Rcfcrcncca Hei., 20, 1 19 (1946), and 21 . 67 (1948); Conference Gdndrale des Poids 

' Inrernational Electrotechnical Commission, InltrimlhMlUghlingVotab- et Mesures, Comptt: mda: dts shncci de h 9’ Confmnie pinfralt duPnidi 

uhrji, Draft 3rd ed. and amendments, Geneva, 1966 (unpublished); et Mtsmt, Paris 1948, Gauthier-Villars, Paris, 1949, page 54; CenfUj 

International Oeganiaation for Standardization, QimlilUi and Units of rtndui dtt siantis dt la 13’ Confirtntt linirale des Poids et Mttnrtt, Paris 

Light and Related Electnmagnetie Radiations, DnhlSO Recommendation 1967/1968, Bureau International des Poids et Mesures, Sivtes, 1969, 

No. 1778, January 1969 (unpublished). pages 71 and 104. 

i 
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Quantity and definition^ 


Umts j 

Diiiidibiuti 

SI unit 

1 CGS unit 

Acoustics t 



1 

1 

The sound pressure p is the alternating pressure due to an acoustical phe- 
nomenon and superimposed on the stationary atmospheric pressure. Values not 
otherwise specified are root mean square values, often called ‘effective’ values. 

L-’ M T-» 

Nm-= 

dyn cm"® 

(= pbar) ^ 

i 

i 

The sound particle velocity u is the instantaneous velocity of a particle of the 
medium set in motion by an acoustical phenomenon. Values not otherwise 
specified are root mean square values, often called ‘effective’ values. 

LT-' 

m s~' 

1 

cm s"' 1 

/ 

The sound pressure level Lp is defined' as 20 logic (ptpo) in decibel (dB), 
where p is the root mean square value of the measured sound pressure, and 
po is the root mean square value of a reference pressure. For air: 
pe — Zx 10-® N m-2 = 2 X 10-« ptbar is generally used'. 

L” M" T® 

dB" 

dBff i 

1 

1 

i 

The sound energy W is the mechanical energy radiated as sound. 

L® M T-® 

Ws 

erg 1 

The sound power or sound energy flux P is the sound energy transferred 
in a certain time interval divided by the duration of that interval; P = dll /dr. 

M T-=> 

■ 

\V 

1 

1 

1 

erg s-i 1 

( 

— 


t This section (pages 224-226) has been compiled in collaboration «th ♦♦ The decibel is no. a uni. of either the SI or the CGS s>-stem. 
W.FimiiER, Zurich. 



Acoustics 


Quantity and definition’ 


Ur 

IIU 

Dimension 

SI unit 

1 CGSunit 

\eou*tlct (continued) 




rbe sound intensity 7 for unidirectional sound energy flax U the sound 
inergy flux through an area notinal to the direction of propagation divided 
sythatarea P^^fldA. 

MT-* 

Wm-' 

erg 8-' an- 

rhe velocity of sound i is the velocity of propagation of* tound wave. It 

IS a constant depending on the medium and independent of the frequency oe 
intensity of the sound wave. "The velocity of tound m ait depends mainly on 
the temperature and is given by r.if *= (331.4 -f 0 607 f) m t~', where / is the 
numerical value of the temperature in degree Celsius. Note At very high 

LT-' 


cm ft ' 

intensities (explosions) the velocity of lound may he highet. 

Dimension 

SI unit 

The periodic time or period T is the time taken by a periodic phenomenon 
in an atbittanly defined state to return for the first time to that state 

T 

■ 


The frequency » (ot/) of a periodic phenomenon » the reciprocal of its peri- 
odic time. In acoustical phenomena the lubjective tmptession of the pitch de- 
pends on the frequency. 

SiatJarimiisitalpilik is the frequency for the note ,4 m the treble stave, defined 
as 440i{a>. 

T-’ 

Hr 


The loudness level Zk (ot d) of t sound or noise ts expressed on the dimen- 
sionless phon scale'. The loudness level amounts to»f*on when it is judged 
by a normal obsetver under standardized listening conditions to be as loud 
as a pure tone of frequency lOOO Ha consisting of a plane progressive sound 
wave, coming from diteetly in front of the obsetver, the tound ptestute level 
o(whKh»L»w ndQ (see above), i.t., Ln »20loe>»(^ip*)itH< 

In principle, therefore, loudness levels can be measured m phon only by 
a subjective heating test , objective tests yield only more or less exact approxi- 
mations. 


phon* 


Loudneia N (ot J) Owing (o (he atbitrary definition ofthe decibel and phon 
scales, loudness levels on these scales do not immediately correspond to (he 
sensation of loudness bus have to be mtetpreted by the user on the basis of 
his personal experience of sounds of known phon value The sone scale 
provides a means of expressing ihe subjeetire sensation of loudness and is 
defined' by the following relationship between loudness Nm sone and loud- 
ness level In in phon 
,, ,01(Z.«.40) , 

L* T» 

sene* 



Jogu A'-0.1 (£,w- 4C) fc>gi»2*«fl03(iH-40) J ( 


CottMponcJing raluM of Ln and A' calculated feom ihia 'knidneas function’ 
ate aa folloan 



It abouU) be noted that 

I Loudnesa in tone cannot be measured directly but must be 
calculated from the loudness lerel in phon. 

2. A loudness of 1 sone corresponds to a loudness level of 40 

3 A twofold change m loudness corresponds to a loudness 
level difference of 1 0 phon 

4 Tlie relationship has been confirmed eape timentally only be- 
tween 20 and 120 phon, outside this range its use must be 
regarded as an extrapolation 




Ulculatlon of loudness levels 

Loudness levels can also be calculated from noise analyses, the 
wo best-know n methods being those of Stevens » and Zw tCKERa^ 


n etv a part iculat method 

A modification of Sttvens’ method has been introduced for the 
nejsurement of aircraft noise The values so obtained are Lnosrn 


as ’perceived noise levels’ (PN) and ate expressed in decibel. 
represent a degree of correlation of objective measurements w 
tubjcctivc sensation not attainable simply by measuring sound pr 
sure levels 

Sound level meters 

In view of the complexity of the human ear and the dilTic 
nature of the subiective hearing tests required for the measuremt 
of loudness levels in phon, sound level meters measuring cetti 
weighted sound pressure levels have been standardized* T 
weighting applied to each sinusoida c .*i-xinent of the sound pr. 
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Acoustics - Amount of Substance 


sure IS >;ivcn as a function of frequency hy three stnndnrd reference 
curves y\, II and C. The varyinf; sensitivity of the car is taken into 
account hy iisitq' curve A for low sound pressure levels, curve B 
for moderate srnind pressure levels, and curve C foe high sound 
pressure levels. In each measurement the curve used must be shown, 
hu instance by placing thcappropriatclcttcraftcrtlicdccibcl value; 
•15 dlJ(A), 95 dll(C). 7 he 'OiN-phon' earlier used in Germany ^ was 
based on the same principle. 

More recent measurements of the frequency response of the car® 
nnd studies of tlic correlation between sound pressure level and 
loudness level mensurements have sliown that the use of the curve 
A gives best agreement svith the subicctivc sensation and that this 
.applies not only to low but also to high sound pressure levels. This 
is being taken into .account by the ISO when standardiaing in this 
field, with the result that the tendency is now for sound levels to be 
measured and given In dB(A). Sound pressure levels in dB(A) 
.should also be given when loudness levels are measured or calcu- 
lated in any fotrn (for instance An in phon or in phon by Stevens’ 
method, PN in dll, etc.). 


Typical sound levels 

The following examples from everyday life illustrate the range 
of the dli(A) sound level scale: 


Source 

Sound level 
in dB(A) 

Propeller niternfr at 5 m 

130 

Pneumatic hammer at 1 m 

120 

Brass foundry 

110 

Motor-car horn at S m 

too 

Truck at 5 

90 

Loud radio music 

80 

Normal conversation at 1 m 

70 

Motor cat at 10 m 

60 

Quiet stream or rivet 

50 

Residential district without traffic 

40 

Quiet garden 

30 

Ticking of a watch 

20 

Limit of audible noise 

10 

Absolute silence 

0 
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\mount of substance 

(mount of substance (n) and amount of equivalent (/;«,) 


Dimension = N 

(Additional*) base unit = mole (mol) 


Except in special cases, there is no practicable method of counting 
he nutSiers of particles involved in a chemical ot ph)'s'«> ' 

reason the lUPAP'- ® in 1957 introduced the basic quantity 
Zu^i JrZaZt for use in chemical and molecular physics. The 
lonceptof amount of substance is founded on the countability 


(dcntic.il individuals (particles) in an atomic or other discontinuou 
^stem . The value of ff is proportional to the number of particle 
A7, the proportionality factor being a fundamental constant, the A vo 
GADRO constant (see also page 228) AT == P//ti (dimension = N"’) 
The number of particles in a population having the amount of sub- 
stance n = 1 mol is therefore Af = A^a X 1 mol = 6.0222 x 10”. 

The Hare tmil of amosmt of rubstance is the molt* (mol). The ptimm 
standard for the mole - as well as for the scale of reiative atomic 
masses Ac and the (unified) atomic mass unit (u) - is the caibo-i 
nuclide t^Con which the lUPAC and lUPAP agreed in 1960-61-t-''. 
As defined by the lUPAC^- **, the mote is the amount of substance 
of a system which contains as many elementary units as there ate 
carbon atoms in 0.0)2 kg of the pure nuclide cafbon-I2 (>^Q. The 
elementary unit must be specified and may be an atom, a molecule, an 
ion, an electron, a photon, etc., or a specified group of such entities. 

The concept of amount of substance may be extended to Fam- 
day’s lass/ of equivaience and chemical bonds. Here use is made of the 
amount of equivalent tinea (dimension likewise N) : nnea = ? x.whctc^ is 
the charge number in the case of ions and thenumber (single,doub!e, 
etc.) in the ease of bonds. The amount of equivalent «atq is propor- 
tional to the electric charge^ = AI e (< = elemeataty chicgetsee 
also page 228) of fV ions of charge number z, the proportionally 
factor again being a fundamental constant, the Faraday constant^ 
(see also page 228) =j2/nnea —eNjn — eNi, (dimension = TIN*'). 
The unit of amount of equivalent is likewise the base unit mole*. Tn: 
electric charge carried by the amount of equivalent r.nta = ^ = 

1 mole of a particular species of ion is therefore Q = F nnea - 
Fxl mol- 9.6487 x 10* C. 


Scale of relative atomic masses (Ar) and the (unified) atomic 
mass unit (u) 

The unified scale of relative atomic masses At, with t^Cas ref- 
erence nuclide or primary standard, is defineda.^ by the assigned 
value 

^r(”C) = 12 

Using the mass m(^^C) of an atom of the nuclide “C as ptinutr 
standard, the (unified) atomic mass unit (u) is defined hy Ac rtb- 
tion^ 

1 u = «(”C)/]2 

The atomic mass of any nuclide X can therefore be wtitten s-< 
nt(X) = At(X) u with 

1 u = 10-= (JVa mol)-t kg = 1.66053 X 10**’ kg 

Tables of the relative atomic masses m(X) of the nuclides bare 
been published at the instance of the Commission on Amta-e 
Masses and Related Atomic Constants of the lUPAP^' 
data, together with the ‘natural’ or ‘average’ relative abundanoes 
of the stable isotopes of the elements, have formed since ^ 
basis of the tables of ‘atomic weights’ of the elements issued b) t.. 
Commission on Atomic Weights of the IVPAC’ 


* Previously the mole, defined as 1 mol = hir S (Mr ~ relative mo-. 
mass, or ‘molecular weight*, of the substance concerned), has betm ujc 
individual (chemical) mass unitA Linked to the mote there is a insh.es 
vidual (cfcccrochcmicai) mass unit for tons of a chemically ,l(j. 

substance, the gramme-equivalent Eq, defined by 1 Eq= (liqlmol- (• -f ^ 
(the symbol val is also used in place of Eq). The ratio Mt!z pt 

equivalent weight of the ions. These units have now been supctscc. 
dimensionless quantity amaunl aj eqviraltnt (n,e„ = ^), t.e., the terns 
of equivalent naeq=ymol and amount of substance n— (jjzl mnl o 

in the new formulation replace the earlier statement of a 'mass y ‘9 

of molecular wvight Afr and electrovalcncy q’. . 

At the instigation of the lUPAC, lUPAPand I.SO. the 
on Units in 1967 recommended^ to the International Comnautcc o . 
and Measures that the International System of Units should he eve ■ 
include a seventh base unit, the mole, as base unit of amount of su ‘ " 't.-'i 
13th Genetal Conference of Weights and Measures in 1967 4=''”' 
on this proposal. This recommendation a-as confirmed®'" by ihc.Aavi. 
inittee on Units in 1969. ^o.-ivale''. 

Editars' note: In view of the fact that in clmical chemistry me n j.. 
ttnllicquivalcnt. etc., continue for the time being to be wed as ,v; 

ions, the editors have refrained from making cotrcspimdinp ci; . e- 
data girtn in subsequent chapters of these Seientifie Tah'/s. , . wps ,r: 

*♦ The same definition of the mole has been agreed upon in I ■._^- 
IUPAPT 'bat the latter has chosen a slightly differmi no 
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«r/<CT/ quMtiliis reprtiiitling eonetnlrolioH 


Quantity* 

Symbol and dcAnition 

mol'SI units* 

Molecular concentration of the component i (L-*) 

C.-M/IA 

(m a mixture of volume fO 


Mass concentration of the component i (L"* M) 

(ina mixture of volume I*) (m< = mass of component i) 

kg m-* 

Molatity of the component i (L-* N) 

0 = 11./^ 

(amount of substance in tnol related to the volume of 
the mixture or solution)*** 

molm-' 

Molality of the solute substance / (M-' N) .... 

«i ■=■ «i/«* 

(amount of substance in mol related to the mass ws of 
the solvent)*** 

molke-. 

Equivalent concenttation of the ion i (L-* N) 

(m a solution of volume VI*** 


Ionic strength of a solution (M-* N) 

/=yS?!»i = yE ?!»«/»» 

(na = mass of solvent) 



•Dim*n»ioa«inkiftcknt ••• A lolwiiMxrfnitHarity <( »■ / mol/lii knownwymolM withtMixe. 

•• Cohtftnt unit in ihe Initraiiion*! Syiiem of Uaiti luppUmemcd by to «h«coinpofKon,»»olution of molality mol/kg witii 

iht biK unit mole (see aboee endiefetenee*) eeaptcuo the component »,» aolutionof eqi>i»ilent concentration ft>e ■ 

• y mol/) at >nocmtr tai'h reipect to (he lona of ipeciei > 


luantliUi related to amount of tubetanee 
Apatt ftom amount of lubetanee a number of other quancidea 


• ■and Ji k'M T*^ N-’> 

In analogy with the quancitiea relited to amount of aubriance the 
iiuiealem eonduetieicv/t (L"* M*' T* I’ N*') hat, for instance, been 
ntroduced aa the conduetieity y related to the equiralcnt concen* 
ranwrf,,, .• ToiUmeoftrie aoiiitiony /f— yf>».«. 

Earlier 'physical* (A,») and ‘chemical* (Act,) acale* of atomic 
veighla 

Before tsteement wat reached on the undied (‘Cecale, different 
telitiTe nurs scales^ were muse in physics and chemistry*, namely 
■he ‘physical scale of atomic weights' based on the oxygen nuclide 
'*0 as primary standard and deAned by y4»k("0) = 14. and the 
'chemical scale of atomic weights’ based on elementary oxygen.! e.. 


Former atomic maaa unit (amu) 

The former atomic mass unit (afflu), based on the oxygennuchjj 
‘*0 as primacy standard and linked to the physical scale of atomic 
weights, was defined through the mass *("0) of an atom of the 
nuclide >*0 
lamu-.«(H0)/14 

The atomic mass of any nuclide X was therefore written as %{X) 
■■ amu The relationship between the earlier and the pres< 

cm unified atomic mass unit is given by 

1 <**Q ~ 


1. .t—.n. aiuiiiii. Iiujica = li.J, 

and between the three corresponding units of amount of substance 
tool {1*0 - 15). mol (O » 16) and moK“C = 12) 


A. (2^0_- 16) ^ mol ('‘O = 16) 
A. ('»C - 12) “ mol {>•€ - 12)' 
C3r - ±S X 10-*) 


toooinoi'e 


^r(0 ~16) mol( 0 -.1 6) 
-.12)"niil<>»C-lT) 
Or -±15x10-*) 


000318 


-1000043 


8 CooutC cunsultaiif del uniiCi, k 
•• ComiiC coniuttanf del unirTi. 2*ie' 
• Enauxe el al , A'liAer Pin . 1 8. ; 



Piyt , 


'* Applied Cheminry. C.mpu, n.J., ,, , 

ry ne/mM Stockholm I55J, Buttenvorih. London, MRe 93. C, 
r .Ar**. Zurich 1955. Butierwonh. London, pige 11 





Physical Constants' 



Symbol nnd formula 

Numerical 

value 

CGS system 

International 
System of Units 

Noncoherent units 

Gravitational constant' 

G 

6.670 ±0.015 

10“®dyn cm2 g -2 

10-HNm«kg-i 


.. . 

KlcctromnRnctic field constants 

(see also page 215) 

Velocity of light In vacuum' 

Nfagnetic field constant 

Electric field constant 

Impedance of v.acuum 

c 

' 1/' 

l/r> 

/to "= 47: 10"' Hm"> 

'0'= V/tof' 

/tor 

2.997 925 

3.335 6405 
8.987 5543 
1.1126497 

1.256 637061 

8.8541853 

3.7673037 

10l0cms-» 

10*"^ t cm*** $ 

1020 cm2 S"2 

10-21 cm-2s2 

' 10® ms"' 

10"® m"* s 
10i8m»s-2 
lO-i'm-'s® 

10-»Hro-i 

10'" Fm-' 

10 ® n 

1 

i 

j 

1 

j 


Thcrmodynnmic constants’-' 


Molar volume of an ideal gas under 





i 

Standard conditions 

I^mO 

2.241 36 

lO"* cm® mol'i 

10“2 mO mol'i 

j 

Molar gas constant 

7i ^ fio FVio/T’o 

8.314 3 

102 erg K“i mol-i 

J K-' mol-' 

i 



8.2056 1 

j 


to cm2 atm K'l mol'i j 



1.987 2 

1 


cal,hK-imol->§ 



1.9865 1 



calls K-imoI'i 1 



1.985 8 j 



caliT K“i mol'i 


Atomic constants'"'* 


Avogadro constant’* 

Wa 

6.0222 

10®® mol-' 

10®®mol-i 


LosciiMtDTconstanttt* 

«!,= IVA/Knio 

2.6868 

10>»cm-® 

10®® m'» 


Boltzsiann entropy constant 

/: = K/IVa 

1.3806 

10-'8ergK-' 

10-23 JK-' 




1.3626 



10-®®cm3atmK“* i 



8.617 1 



]0-®cVK-' 



3.299 8 



10-s<cahhK-'5 



3.298 6 



10-®^ calls J 



3.2976 




Elementary charge 

< 

1.6022 


10-'»C 

1 


e* 

4.8032 

10-'®e5u 





1.6022 

|0-20cmu 



Faraday constant 

F==Nj,, 

9.648 7 


10' C mol'i 

1 


F* = N^t* 

2.892 6 

IQi'^csu mol-^ 




F*lc= Njie*Jc 

9.6487 

103 emu mol-i 



SostwCRFCLD fine-structure constant. . 

cc 

7.29735 

10-® 

10-3 

1 


1/a 

1.37036 

10® 

10® 



a® 

5.325 1 

10-5 

10-5 

1 

Planck constant (quantum of action). 

A = 2 n (c*)®/a c 

6.6262 

10-27 ergs 

10-5' JS 



A/c* 

1.37952 

1 10-1’crgscsu-i 


' 


icle* 

)4.13571 

lO-’crgscmu-t 


i 


hit 



]0-i5JsC-' 


Quantum-mechanical unit of angular 






momentum 

li = A/2 7t 

1.054 59 

10-®’ erg s 

10-®* J s 


1st Planck radiation constant 

fl « iTzhe'^ 

3.741 8 

10-3 crgcm^s-i 

10-'«\Vm® 



hc^ 

5.955 3 

10-®crg cm® s-^ 

10-" Wm® 

1 

2nd Planck radiation constant 

ct=htlk 

1.438 8 

cm K 

10-® m K 



ra/f = hjk 

4.7994 

10'" 5 K 

10-"sK 


Constant of Wien’s displacement law' . 

/*= 2nift* T= ftfxi 

2.897 9 

lO-'cmK 

10-3 m K 



ac= 4.965114 23 





Stefan-Boltzmann constant 

a= n2/t^/60A^f2 

5.669 6 

10-3 erg cm'* s-* K— • 

10-«Wm-®K-* 


3ohr radius (of the first-quantized elec- 






tron orbit of the hydrogen atom) . . 

ao = a/4 7t 

5.291 77 

10'® cm 

10-i'm 



The data on the physical constants (pages 228 and 229) have been compiled 
n collaboration -with E.R. Cohen, North American Aviation Science 
>ntcr. Thousand Oaks, Calif., USA. The values given ate corrected from 
I consistent set derived by the Committee on Fundamental Constants of the 
sJational Academy of Sciences - National Research Council (USA)'- ^ The 
jrigina! set was approved by the International Union of Pure and Applied 
Physics at the I2th General Assembly in 1963^ and published in 1965'. 
rhe numerical values given here correct these data to reflect a change of 
'0 ppm in the value of the Sommerfcld fine-structure constant. This change 
ias been made necessary by recent measurements of the macroscopic quan- 


TTic quantities elementary’ charge, Faraday constant, gyi 


romagnctic n- 




1 the fine strucDire in ihc Formerlv know 


tio and magnetic moment, defined non-rationaily in the jt* , 

dimensional system of quantities, are given the symbols f*, ^ . j,;-,. 

the corresponding quantities defined rationally in the 
tem have the symbols e, F, y and /i : r*/' = F*(F^ " 

H*lfi — Oto/4 (sec ‘Electricity and Magnetism", page 215). 
tt TTie molar number of molecules (see ‘Quantities related to ^-,. 

stance", page 227). Formerly known as the Loscimrnr contwnt in 
speaking countries. ^cr A "i'O 

ttt The number density of molecules of an ideal gas at 0 

n as the Avogadro constant in Germ-m-speaking 
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Syttiljol and formula 

Nuipencal 

CCS aiiiem 

International 
Syaiem ofUnita 

Noncoherent uni.a 

Atomic conttant* (continued) 

r.-ei*i*TtR. 

t»Ti)l)r» 



10-l»m 


THCPUWNtfoM-iettiofi 

««2S 

10-**ero« 

l0-a»cn.' 

10-“ m 

10-1 bam 


Gi(tU«K>n .... 


242«31 

lO'l'cm 


Ae../2 7t 

3I<1S9 

10-“ cm 






132144 

10-«»eni 

10-“ to 



210314 

IO-“cm 






131432 

10-** cm 

10-“ m 


Ac../2il 

210024 

10-**cin 

I0-“w 












lO’rn-' 





10* cur' 


fotUUtom 

RicvitC ftequency 

Alf-A. /{l+cajet,) 

1Q9&77SB 

10* enr* 

I0-’ m-> 


{<yl \a ttont vub t nvKlcu of infinite 

1 

3239342 

I0t»a-* 

I0i»c-> 


forMUtom 

3 28B0S2 

10“a-« 



Qurge to man ratio for poiitron 

e/ae. 

1738 80 


tone kg-' 


•*f*a 

5 27174 

t0'*CMg't 




«*/< *• 

1758 80 

lOicmug-i 



Qiarfa lo mill ratio for proton 


9 37900 


lO’Ckg-' 








a*(»ae 


3tt»ttnar' 



Gfromtgntiie ratio of proton 

y» 

yp 

^2 (75 19 

10*.-*emi.-. 

(Dta-JT-* 


Effecti»t ffrotnagnetie ratio of proton 

>V 

^2 473 13 

I0*t-‘<«w‘ 

101 a-* T*» 


In a ipliorical aatnpl* of vaicr 
(uncotceeird for diatnagnaiiin in 

yl 











Dohi magneton 

aigvgr*/2<a«e 

}.27.1 

10-*' ergemu*' 



f<a-Ae/2ai. 

ItH m (m,lmp)Mt 

Pit - fatai-olPO 

10"“ erg emu** 


Nuclear magneton 

^sosto 

lO-itjT-* 

Magnetic enoTnenl of electron 

i 1 

i 

}9 2849 

10*“ «rf emu-' 

10-»‘JT-» 



pj/pj " aM/p* “ 

|l00l 13944 




Magnetic rnemrsi of preton 


|l4104 

to-*’ erg emu-' 

lO-iajT-* 




1521033 


J0-» 



rij/pj - itglMf 





W««i»c magnetic moment of proton 






«( ^Acnml eampic c(wut 

Mi'ft‘1, - a'a/f'H 





Xcaieaw iplirang connanl 

a*J4«a»r4 

e/4ft«e 

)4 4434 


iero->T-i 


Atomic maaa conatani 


144033 

IO-“g 

10-“ kg 



- -fiacvu 

1 



“ 

1 Reaimtaaofeleciront 

4n(0*A.Ja*»» 

91096 

3 4899J 

10-«» g 

10-“ kg 

10-»u 

1 Rea t maaa of protoo r 

J Ratio of the tear maaKa of proton and 

a.»-»(«10--i. 

1472 42 

1007 274 41 

lO-aeg 

I0'“kg 

■ 

1 electron 

»»/»• 





1 l'*”"'*«oftieiilioo* 


1474 92 

1008 (4320 

I0-**g 

IO-“ kg 


Rratitiea of 'fl atom’ 


<47752 

KT-Mg 

I0-“kg 







Reduced maaaof electcon in * It atom 

It— 

91044 

H7'“t 

10-aikg 



3 482 94 



10-au 



fM-raxOo) 

1492 411 
931481 

ItT-'crg 

10-iaj 

10* eV 


£(*,)-,a,. 

818724 

511004 

lO-’erg 

10-MJ 

10* eV 

j Proton tnata 


JS0327 

9 38140 

lO-a erg 

10-1*) 

10* »V 

tw. 

1 50334 
939533 

lO-'erg 

10-ioj 

I0»»v 

_ _ 


* f^fUtive stonvc tranet (>Hr) (fonpcrlj *itomic ««i||Sf$')ofclrctf<oa,pfo- '* 

»'».otuimo md ‘Httom — numencil tiIuc XfK>vcfofienoftlic*|<|wi>- 
’•F«CThcf«oeftT»quiT»lcnn»«p«p213 • 

ntlttrncn 

’ NttiixMl ^c»d^my of ScienCM * N*noo»l RtKireh Counol ConiiniRee. • 



SiancInttI nitbiiinncc!i 


Mtrtury 

Ofinity under xandard conditions' (0 “C, 760 torrV 
Cb(Hr)~. 13,595 08 l(Rdm-> ' 


'cmpcrature /„ in a barometric 

«rma^ '' i» given, with sufficient 

accuracy o\ cr the temperature range from 0 °C to 40 °C and for the pressures 
iclcTant to tlic lPTS-08 (sec page 209), by the relation^ 


C('ss.~-)> 


e(20»C,M 


( I -f- W(r,s - 20 ■’Q + jB(/„ - 20 'Q’] 

where v-f ^ 18 115 x lO'^'C-i 
4x 10-11 N-‘m’:p (20 "C./io). 


II - « (y -T'o)) 


/? 0.8 X 10“* ®C-*; compressibility X = 

i 13545.87 kg/m’. 


Relative density with density of water as reference quantity (‘specific gravity*) : 

</(Hr)- p„(Hg)/cn,.a(HjO)= 13.595 46 ® 

Wattr 


For the triple and boding points of water and melting point of ice see part 29 
tor the vapour pressure of water see pages 256-258. 

Viscosity of water between 0 and 40 °C« 


Temper- 

ature/ 

in®C 

Viscosity ratio 

vthiQ oc 

Vymmic 
viscosity ;; 
incP 

Kfnenatic 
viscosity r 
in cSt 

0 

1.7885 

1.792 

1.792 

5 

1.5170 

1.520 

1.520 

10 

1.3043 

1.3069 

13073 

15 

1.1360 

1.1383 

1.1393 

20 

1.0000 

1.0020 

1.0038 

25 

0.8885 

0.8903 

0.8929 

30 

0.7959 

0.7975 

0.8010 

35 

0.7179 

0.7193 

0.7236 

40 

0.651 8 

0.6531 

0.6582 


Maximum density’ (s« 3.98 °C, 760 tort, air-free): 
Pmaa(HaO) r, (0.999 972 ± 0.000 003) kg dm-’ 


Density between 0 and 40 °C In kg dm-’ (760 torr, air-saturated)'' 


'C 


°C 


®c 


«c 


c 


0 

0,999840 

3 

0.999964 

6 

0.999940 

9 

0.999781 


12 

0.999498 

1 

0.999 899 

4 

0.999972 

7 

0.999902 

10 

0.999700 


3 

0.999378 

2 

0.999940 

5 

0.999964 

8 

0.999849 

11 

0.999606 


4 

0.999245 

'C 

0.0 

0.1 

0.2 

0.3 

0,4 

0.5 

0.6 

0.7 

0.8 

0.9 

15 

0.999 101 

085 

070 

055 

039 

024 

008 

992 

976 

960 

16 

0.998 944 

928 

911 

895 

878 

862 

845 

828 

811 

793 

17 

0.998 776 

759 

741 

724 

706 

688 

670 

652 

634 

615 

IS 

0.998 597 

578 

560 

541 

522 

503 

484 

465 

446 

'mwmi 

19 

0.998 407 

387 

367 

347 

328 

308 

287 

267 

247 


20 

0.998 206 

185 

164 

143 

122 

101 

080 

059 

E»| 

KMI 

21 

0.997 994 

972 

951 

929 

ESI 

885 

862 

840 

818 

795 


0.997 772 

750 

727 

704 

681 

658 

634 

611 

588 

564 



517 


469 

445 

421 

397 

372 

348 

323 


0.997 299 

274 

249 

224 

199 

174 

149 

124 

mm 

073 


0.997 048 

021 

996 

970 

964 

9tS 

g92 

S6S 

S39 ^ 

SIJ 

B 


■c 


®c 


=c 


«( 

HHI 

26 

0.996786 

29 

0.995948 

32 

0.995030 

35 

0.994036 

3 


27 

0.996516 

30 

0.995650 

33 

0.994707 

36 


3< 

lfw(Uv/:l 

28 

0.996236 

31 

0.995344 

34 

0.994375 

37 

0.993333 

4< 



Density of heavy water (100 Va DaO, 760 torr, air-free) 


■1 

kg dm"® 

Reference 

°c 

kg dm“® 

Reference 

3.8 

1.10530 

4a 

20 

1.10524 

4a 

5 

1.10546 

•fa 

25 

1.10434 

6 

10 

1.105 85 

4a 

30 

1.10312 

e 

11.23 

1.105 93* 

5 

35 

1.101 64 

e 

15 

1.105 74 

4a 

40 

1.09986 

6 

• Maximum density. 


Specific heat capacity of water between 0 and 100 ®C (at 760 torr)^ 


Jg-iK-i 

”C 


n 

■1 

3 

4 

1 5 1 6 

7 

1 8 

9 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

4.2174 

4.1919 

4.1816 

4.1782 

4.1783 
4.1804 
4.1841 
4.1893 
4.1961 
4.2048 
4.2156 

4.2138 

4.1904 

4.1810 

4.1781 

4.1784 

4.1807 

4.1846 

4.1899 

4.1969 

4.2058 

4.2104 

4.1890 

4.1805 

4.1780 

4,1786 

4,1811 

4.1850 

4.1905 

4.1977 

4.2068 

4.2074 

4.1877 

4.1801 

4.1780 

4.1788 

4.1814 

4.1855 

4.1912 

4.1985 

4.2078 

4.2048 

4.1866 

4.1797 

4.1779 

4.1789 

4.1817 

4.1860 

4.1918 

4.1994 

4.2089 

1 

4.199( 

4.184< 

4.179C 

4.178C 

4.1794 

4,1825 

4.1871 

4.1932 

4.2011 

4.2111 

4.197^ 

4.183- 

4.178- 

4.t78C 

4.1796 

4.1829 

4.1876 

4.1939 

4.2020 

4.2122 

4.1954 

4.1829 

4.1785 

4,1781 

4.1799 

4.1833 

4.1882 

4.1946 

4.2029 

4.2133 

4.1936 

4.1822 

4.1783 

4.1782 

4.1801 

4.1837 

4.1887 

4,1954 

4.2039 

4.2145 


7 

°C 0 

1 

2 

3 

4 

5 

6 

7 

8 


0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

1. 0. 

007 62 
00153 
99907 
99S26 
99S28 
99S7S 
99967 
000 91 
002 53 
004 61 
00719 

1. 0. 

006 76 
001 17 
99892 
99823 
998 30 
9988! 
99978 
001 05 
00272 
004 85 

1. 0. 

005 95 
000 84 
99881 
99821 
99835 
99895 
99988 
001 19 
00291 
005 09 

1. 0. 
005 23 

000 53 
998 71 
99821 
998 40 
99902 
000 00 

001 36 
00311 
005 33 

1. 0. 

004 54 
000 26 
998 61 
99818 
99842 
99909 
00012 
001 51 
003 32 

005 59 

1. 0. 

003 92 
000 00 
99852 
99818 
99849 
99919 

000 24 

001 67 
003 51 
005 85 

1. 0. 

003 37 
999 78 
99845 
998 21 
99854 
99928 

000 38 

001 84 
003 73 
00612 

1. 0. 

002 84 
99957 
99838 
998 21 
99859 
99938 
000 50 
002 01 

003 94 
006 38 

1. 0. 

00237 
99938 
99833 
998 23 
99866 
99947 
000 65 
002 17 
00416 
006 64 

1. 0. 

001 94 
99921 
99828 
998 26 
99871 
99957 
00076 
00237 
004 40 
00693 


Air 

Standard density of dry air free of carbon dioxide (0 760 ton)®: 

ea(air) = 1.2928 X 10^ kg dm'® 

Standard conditions for air in spectroscopy: 

760 torr, IS ®C, 0.03% COr, d^ 


Acceleration due to gravity 

Standard acceleration due to gravity^®: 

— 980.66S Gal (cm s“*) 

International gravity formula ^ ^ (based on the international terrestrial cUipsotii) : 

yo= (980.632 272-2.586 145 cos 2B-f 0.002 878 cos 45 
— 0.000 004 cos 65) Gal 


where yo =» acceleration due to gravity at sea level, 5 =* latitude. This yields tS: 
following values for different degrees of latitude (calculated by the editors): 


Lati- 

tude 

in® 

yo 

in Gal 

yol8» 

Tn/yo 

Lati- 

tude 

in® 

yo 

in Gal 

yo/* 

(o!y> 




mm 

45 

980.6294 

|0.999964 

1,000 CJ5| 

5 

0881 

372 

635 

46 

7197 

1.000056 

0.999914! 

10 


491 

516 

47 

8098 

IHZE 

852: 

15 

3940 

684 

321 

48 

8998 

239 


20 

6517 

947 


49 

9894 

331 

665' 

25 

9694 

0.998271 

liKiMIriiW 

50 

981.0787 

422 

57^ 

30 

979.3378 

647 

355 

51 

1673 

512 

4ss; 

IBB 

4165 

727 

275 

52 

2554 

602 

355: 


4968 

809 

193 

53 

3427 

691 


33 

5785 

892 

109 

54 

4291 

779 

Sj 

34 

6614 

977 


55 

5146 

866 

114' 

is 

7456 

0.999062 

1.000938 

56 

5990 

952 

£45] 

BTfl 

8308 

149 

851 

57 

6822 

1.001037 

0.9S3W 


9170 

237 

763 

58 

7642 

121 

$S0\ 

Bnfl 


326 

674 

59 

8448 

203 

753, 


0920 

416 

585 

60 

9239 

284 

TI5; 


1805 

506 

494 

65 

982.2941 

661 



2696 

597 

403 


6139 

987 

O’l/j 

42 

3591 

688 

312 

75 

8734 

..0022521 

3.897W 

43 

4490 

780 

220 

80 


^K!U 


44 

5391 

B72 

128 

85 








90 


■0 



The true acceleration due to gravity is probably about 14 mGal less thm t... 
value calciJatcd from the international gravity formula^*. ^ 

Several new determinations of the acceleration due to gravit}' have 
been madc^'®. The reference value of the acceleration due to gravity t. 
Potsdam system has meanwhile been lowered by 14 mGal 
solutions adopted by the International Association of Geodesy^' and by 
International Committee of Weights and Measures’® under the 
ferred on it by the 11th General Conference of Weights and hfcasures . 
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Periodic Sysfem of the Elements' 


For each element the following are given: atomic number (//dArx), symbol, atomic weight (telative atomic mass)* 
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Chemical Elements - Alphabetical Table 



AcfinUim 

Aluminivitn . . . . 

Aiticticium 

Antimony 

Affjon 

Arsenic 

Astatine 

IVatium 

llcfkcUum 

Beryllium 

Bismuth 

Boron 

Bromine 

Gultnium ...... 

Caesium 

Calcium 

Californium .... 

Carbon 

Cassiopeium . . . 

Cerium 

Qilorinc 

Chromium 

Cobalt. 

Columbium .... 

Copper 

Curium 

Dysprosium .... 

Einsteinium .... 

Emanation 

Erbium 

Eutopium 

Fetmium 

Fluorine 

Francium 

Gadolinium .... 

Gallium 

Germanium .... 

Glucinium 

Gold 

Hafnium 

Helium 

Holmium 

Hydrogen 

Illinium 

Indium 

Iodine 

Iridium 

Iron 

Krypton 

Lanthanum 

Lawrencium . . . 

Lead 

Lithium 

Lutetium 

Magnesium 

Manganese 

Mendelcvium . . 
Mercury 


1 See footnote 

2 See footnote 

3 See footnote 3, 


Symbol 

Atomic number 

Atomic weight' 
t96? 

1 

1 Name 

Symbol 

Atomic number 

Atomic weight 
1967 

Ac 

89 

(227) 

Molybdenum . . . 

Mo 

42 

95.94 

At 

13 

26.9815 





Am 

95 

(243) 

Neodymium . . . 

Nd 

60 

144.24 

Sb 

51 

121.75 

Neon 

Ne 

10 

20.1792 

Ar 

18 

39.948 

Neptunium .... 

Np 

93 

(237) 

As 

33 

74.9216 

Nickel 

Ni 

28 

58.71 

At 

85 

(210) 

Niobium 

Nb 

41 

92.906 




Niton 

Nt 

Sec Radon 

Ba 

56 

137.34 

Nitrogen 

N 

7 

14.0067 

Bk 

97 

(247) 

NobcHum 

No 

102 

(255) 

Be 

4 

9.0122 





Bi 

83 

208.980 

Osmium 

Os 

76 

190.2 

B 

5 

10.8112 

Oxygen 

O 

8 

15.99942 

Br 

35 

79.9042 








Palladium 

Pd 

46 

106.4 

Cd 

48 

112.40 

Phosphorus 

P 

IS 

30.9738 

Cs 

55 

132.905 

Platinum 

Pt 

78 

195.09 

Ca 

20 

40.08 

Plutonium 

Pu 

94 

(244) 

Cf 

98 

(252)* 

Polonium 

Po 

84 

(210)* 

C 

6 

12.011152 

Potassium 

K 

19 

39.102 

Cp 

See Lutetium 

Praseodymium . 

Pr 

59 

140.907 

Cc 

58 

140.12 

Promethium . . . 

Pm 

61 

(147)* 

Cl 

17 

35.4532 

Protactinium . . . 

Pa 

91 

(231) 

Cr 

24 

51.996 





Co 

27 

58.9332 

Radium 

Ra 

88 

(226) 

Cb 

Sec Niobium 

Radon 

Rn 

86 

(222) 

Cu 

29 

63.5462 

Rhenium 

Re 

75 

186.2 ; 

Cm 

96 

(247) 

Rhodium 

Rh 

45 

102.905 1 




Rubidium 

Rb 

37 

85.47 ! 

Dy 

66 

162.50 

Ruthenium 

Ru 

44 

101.07 i 

Es 

99 

(254) 

Samarium 

Sm 

62 

15035 ; 

Em 

See Radon 

Scandium 

Sc 

21 

44.956 

Ef 

68 

167.26 

Selenium 

Sc 

34 

78.96 

Eu 

63 

151.96 

Silicon 

Si 

14 

28.0862 1 




Silver 

Ag 

47 

I07.S6S2 

Fm 

100 

(257) 

Sodium 

Na 

11 

22.989S , 

F 

9 

18.9984 

Strontium 

Sr 

38 

87.62 

Ft 

87 

(223) 

Sulphur 

S 

16 

32.0642 

Gd 

64 

157.25 

Tantalum 

Ta 

73 

180.948 ; 

Ga 

31 

69.72 

Technetium .... 

Tc 

43 

(99)* ; 

Ge 

32 

72.59 

Tellurium 

Te 

52 

127.60 1 

G1 

See Beryllium 

Terbium 

Tb 

65 

158.924 

Au 

79 

196.967 

Thallium 

T1 

81 





Thorium 

Th 

90 

232.033 

Hf 

72 

178.49 

Thulium 

Tm 

69 

168.934 

He 

2 

4.0026 

Tin * . . 

Sn 

50 

118.69 

Ho 

67 

164.930 

Titanium 

Ti 

22 

47.yu 

H 

1 

1.007972 

Tungsten 

W 

74 

1S3.8> 

11 

See Pton 

lethium 

Uranium 

V 

92 

238.03 

In 

49 

114.82 





I 

53 

126.9044 

Vanadium 

V 

23 


Ir 

77 

192.2 




I 

Fe 

26 

55.8472 

Wolfram 

W 

See Tungsten i 

Kr 

36 

83.80 

Xenon 

Xe 

54 

131.39 

La 

57 

138.91 

Ytterbium ..... 

Yb 

70 

173.04 

88.905 

Lt 

103 

(256) 

Yttrium 

Y 

39 

Pb 

82 

207.19 




6''.3" 

Li 

3 

6.939 

Zinc 

Zn 

30 

91.23 

Lu 

71 

174.97 

Zirconium 

Zr 

40 

Mg 

12 

24.305 





Mn 

25 

54.9380 





Md 

101 

(257) 





Hg 

80 

200.59 



. 



lage 231. 
lage 231. 
lage 231. 
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Atomic number 

AlORucuicight' 

1967 

Sr.w 

Name 

Atomie number 

89 

(227) 

Mo 

Molybdenum. . . 

42 

47 

107.868* 




13 

269815 

N 

Nitrogen . ... 

7 

95 

(243) 

Na 

Sodium. 

11 

18 

39948 

Mb 

Niobium ...... 

41 

33 

74.9216 

Nd 

Neodymium 

60 

85 

(210) 

Ne 


10 

79 

196967 

Ni 

Nickel 

28 



No 

Nobelium .... 

102 

5 

10811* 

Np 

Neptunium . . 

93 

56 

137 

Nc 

Niton 


4 

9 0122 




83 

208 980 

O 

Oxygen 

8 

97 

(247) 

Os 

Osmium . ... 

76 

35 

79904* 






P 

Phosphorus .... 

15 

6 

1201115* 

Pa 

Protactmium . 


20 

40 08 

Pb 

Lead 


1 SecNb 

Pd 

Palladium 


43 

112 40 

Pm 

Promethium . . 


58 

14012 

Po 

Polonmm . . . 


98 

(252)» 

Pf 

Praseodymium 


17 

35 453* 

Pt 

Platinum . . 


96 

(247) 

Pu 

Plutonium . . . 


27 

589332 




See 

Lu 

Ra 

Radium . . , , 


24 

51996 

Rb 

Rubidium . . . 


55 

132905 

Re 

Rhenium 


1 29 

63 546* 

Rh 





Rn 

Radon 


1 66 

162 50 

Ru 

Ruthenium 

44 

See 

Rn 

S 

Sulphur . . 


, 68 

167 26 


Antimony 


, 

(254) 


Scandium 


1 63 

151 96 

s« 

Selenium 




$■ 



, 9 

189984 

Sm 



1 26 

$5 847* 

Sn 

Tin 


1 100 

(257) 

Sr 

Strontium 


‘ 87 

(223) 






Ta 

Tantalum . . 


1 31 

69 72 

Tb 

Terbium 


' 64 

157 25 

Tc 

Teehnetium 


32 

72 59 

Te 

Tellurium 


See Be 

Th 

Thorium 




Ti 

Titanium 


1 1 

100797* 

T1 



2 

4 0026 

Tm 

Thulium 



178 49 

Tu 

Tungsten 



1 200 59 




67 

164 930 

U 

Uranium 

92 

53 

i 1269044 

V 



1 

Pm 




1 ^9 

1 114 82 

w 

Tungsten . 


77 

1922 






Xe 

Xenon 


1 '9 

' 39 102 




1 36 

1 83 80 

Y 

Yttrium 




Yb 




57 

, 13891 





3 

1 6 939 

Zn 




103 

1 (256) 

Zi 




71 

; 174 97 





101 

1 (257) 





12 

24 305 




__ 

25 

j 54 9380 





Actinium .... 

Aluminium . . 
Americium 

Argon 

Anenic 

Atcatine 

Gold 


Barium 

Beryllium 
Bismuth . . . 
Betkeimm ... 
Bromine 

Calcium . 
Columbium 
Cadmium 

Californium 

Chlorine 

Curium 

Cobalt 

Cassiopeium 

Chromium 

Caesium 

Copper 


Emanation 

Erbium 

Einiteinium 

Europium 

Fluor me 
Iron 

Fetmium 

Franeium 

, Gallium 
' Gadolinium 
Germanium 
Glucinium 


Hafnium 

Mercury 

Holmium 

iSuuum 

Indium 


Mendelerium 
Magnesium 
' Manganese 


14 0067 
22 9898 
92.906 
144 24 
20.179* 
58 71 
(255) 
(237) 


30.9738 
(231) 
207.19 
106.4 
(147)* 
(210)- 
140 907 
195 09 
(244) 

(226) 

85 47 
186 2 
102.905 
( 222 ) 
101.07 


44 956 
78 96 
28 086* 
150.35 
11869 
87 62 

180 948 
156.924 
(99)* 
127.60 
232 038 
47.90 
204.37 
168.934 


238 03 
50 942 
1B3 85 
131 30 


' Sf» fontnote *, page 231 

* Ve fcntnoie page 231 

* See foomore », page 231 
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Elements Nos. 1-12 
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Elements Nos. 34>43 
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•’Tc, "Tc, ••Tc (half-lives 2 6 X 10* y, 
1.5xl0»y,2.12xl{)»y) 
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Elemenfs Nos. 44-50 














|52;Te Tellurium , 127 60 
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Jsi> i» 

14,53 S'- 


S » 2 

S°s 

X X X 

o'i t 



CO CVJ VO CN 00 *-• 

^vocvwvo^r*- 
cv CN C'J >0 o 

O O O ^ CXI 

Cv Cv Cv O' Cv Cv Cv 


u%cxlvOt<|*>-«cv»^ rovo 
VO'OmCVO'tfO VOOO 

♦-*-«f‘>tvor^cvfS CNO 

C'C'C'C'C'CVC' CVO 
r<^\Ot^cdcv<r^r<^ OCVJ 
mio 


lo vn »-< cv ^ 
cv o cvi cs fO ^ r-^ 
T-« cxj CVJ r 4 cxj CNj cs 
CV CV Cn CN ex CV Cv 


VO VO ro h-r- 
r- cv 00 VO ’*f CO I 
T^ VO VO 00 ' 
CVJ N M M oi I 
Cv Cv Cv Cv Cv Cv ' 

in cv d ^ cvj < 

ir» tf) m VO VO VO ' 



•-»(>. m o N CM 

•-J 00 CO cvi VO 

r*^ CM H CO r*- vH vn 

CM -TH <M T-* 


ocvcvioq^r^r-; co 
fcj-^^c^t^vocvi t^cvj 
»-• 'r-« T-« CM CM ^ uvi 


CM O 

iTj cv Cv CO cn t-* ( 
O O CM CO Ifi cv ’ 


OCM^Olnr^^— 
^ CM r-< CM CVJ 


-vw S 

ZZZ’ZZZZ £ 


S E S E E S E 3 3 

C/) CO c/) t/3 c/5 c/5 CO WW 


TJ'O'XJ'O'O'DT? JO 

OOOOOOO H 


QQQQQaC 














Elements Nos, €7-75 


241 




242 


Elements Nos. 76-81 
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Elements Nos. 90~91 
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Transuranic Elements Nos. 93->103 
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Electronic Configurations of the Elements 

ue number, -neorunce energy (cV). £|“KMU*»»ioo energy (eV),Cf, “rtroniiflce energy of nngly-ioniied itom (eV) 
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Multiples of Atomic Weights of Important Elements 

Tlilj (able Is based on the Table of Atomic Weights 1967 (sec footnote ^ page 231) 



** 

- 

~ — 

— J — . — 


1 

Syni 

t«)l 

M 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Hydrogen 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

no 

120 

130 

140 

150 

160 

170 

180 

190 

0.0000 
10.079 7 
20.159 4 
30.239 1 
40.318 8 
50.398 5 
60.478 2 
70.557 9 
80.637 6 
90.7173 
100.797 01 
110.876 71 
120.956 41 
131.03611 
141.115 81 
151.195 56 
161.275 20 
171.354 90 
181.434 60 
191.514 30 

0 1.007 9 

0 11.087 6 

0 21.1673 

0 31.2470 

0 41,326 7 

a 51,406 4 
9 61.486 1 

71.565 8 
81.645 5 
91.725 2 
101.804 9 
111.884 6- 
121.964 3- 
132.044 0- 
142,123 7' 
152.203 47 
162.283 17 
172.362 87 
182.442 57 
192.52227 

7 2.015 5 

7 12.095 6 

7 22.175 3 

7 32.255 0 

7 42.334 7 

7 52.4144 

7 62.494 1 

7 72.573 8 

82.653 5 
92.7332 

102.8129 
112.892 6' 
122.9723' 
133.0520' 
143.131 74 
153,21144 
163.291 14 
173.370 84 
183.45054 
193.530 24 

4 3.023 

4 13.103 

4 23.183 

4 33.263 

4 43.342- 

4 53.422' 

4 63.502 

4 73.581 

83.661 5 
93.741 2 

103.8209 

113.9006 

123.9803 

134.0600 

144.1397 

154.2194 
164.299 1 
174.378 8 
184.458 5 
194.538 2 

91 4.031 

61 14.111. 

31 24.191 

)1 34.270 5 

11 44.350 

11 54.430 3 

1 64.510 0 

1 74.589 7 

1 84.669 4 

1 94.749 1 

1 104,828 8 
1 114.908 5 
1 124.988 2 
1 135.067 9 
1 145.147 6 

1 155.227 3 
1 165.307 0 
175.386 7 
185.466 41 
195.5461! 

J8 5.039 
i8 15.119 

8 25.199: 

8 35.278 

8 45.358 

8 55.438 3 

8 65.518 0 

8 75.597 7 

8 85.677 4 

8 95.757 1 

8 105,8368 
8 115,916 5 
8 125.996 2 
8 136.075 9 
146.155 6 

156.235 3 
166.315 0 
176.3947 
186.474 4 
196.5541. 

35 6.047 

55 16.127 

.5 26.207 
5 36.286 

5 46.366 

5 56.446 

5 66.526 

5 76.605 

5 86.685' 

5 96.765 

5 106.844! 
5 116.924! 
5 127.0042 
5 137.083 S 
5 147.163 6 

157.2433 
167.323 0 
177.4027 
187.4824 
197.5621 

82 7.055 7 

52 17.135 

22 27.215 1 

92 37.294 8 

62 47.374 5 

32 57.4542 

32 67.533 9' 

72 77.613 6! 

♦2 87.693 3! 

2 97.773 OS 

!2 107.852 7S 
2 117.93249 
2 128.01219 
2 138.091 89 
2 148.17159 

2 158.25129 
2 168.330 99 
2 178.410 69 
2 188.49039 
2 198.57009 

9 8.063- 

9 18.143' 

28.223 
38.3028 
48.382! 

58.4622 
68.541 9 
78,621 6 
88.701 3 
98.781 0 

108.860 7 
118.940 4 
129.020 1 
139.0998 
149.179 5 

159.2592! 
169J389! 
179.418 6! 
189.4983! 
199.57806 

16 9.071 

16 19.151 
6 292131 
6 39.310 
6 49390 

6 59.470 
6 69349 
6 79.629 
6 89.709 
6 99.7S9 

6 109.863 
119.94S 
130.028 
140.107 
150.187 

160.267: 

170.346! 

180.426! 

190.5063 

200.5S60 

6 

C 

Girbon 

0 

10 

20 

30 

40 

SO 

60 

70 

80 

90 

1 

12.01115 
132.12265 
252.234 15 
372.345 65 
492.457 15 

612,568 65 
732.680 15 
852.791 65 
972.903 15 
1093.014 65 

24.02230 
144.133 80 
264.24530 
384.356 80 
504.468 30 
624.579 80 

744.691 30 

864.802 80 
984.914 30 
1105.025 80 

36.0334 
156.1449 
276.2564 
396.367 9. 
516.4794. 

636.5909! 

756.7024! 

876.813 95 
996.925 4! 
1117.03695 

11 

IP 

1 

0 84.078 05 

9 204.189 55 
9 324.30105 
444.41255 
564.52405 

684.63555 

804.747 05 

924.858 55 
1044.970 05 
11165.081 55 

11 

1 

7 



0 

10 

20 

30 

40 

00.000 0 
140.067 0 
280.1340 
420.201 0 
560.268 0 

14.0067 
154.073 7 
294.140 7 
434.207 7 
574.2747 

28.013 4 
168.080 4 
308.147 4 
448.214 4 
588.281 4 

42.0201 
182.0871 
322.154 1 
462.221 1 
602.288 1 


1 


98.0469 
238.113 9 
378.180 9 
518.2479 
658.314 9 

B 


8 



0 

10 

20 

30 

40 

■ 

15.999 4 
175.993 4 
335.987 4 
495.981 4 
655.975 4 

31.998 8 
191.992 8 
351.986 8 
511.980 8 
671.974 8 

47.9982 
207.992 2 
367.9862 
527.9802 
687.974 2 

63.997 6 
223.991 6 
383.985 6 
543.979 6 
703.973 6 

79.997 0 
239.991 0 
399.985 0 
559.979 0 
719.9730 

95.996 4 
255.990 4 
415.984 4 
575.978 4 
735.9724 

111.995 8 

271.989 8 
431.9838 
591.977 8 
751.971 8 

127.9952 
287.9892 
447.983 2 
607.9772 
767.971 2 

143.9946 

303.9SS6 

463.9826 

623.9766 

783.9706 

9 

P 1 

Fluorine 

0 


18.9984 

37.996 8 

56.9952 

75.993 6 

94.992 0 

113.9904 



s 

11 

Na 1 

Sodium 

0 


22.989 8 

45.979 6 

68.9694 






12 

Mg 1 

Magnesium 

0 

00.000 



72.915 

97.220 

121,525 

145.830 1 170.135 | 


218.745 1 

13 

Eg 

Aluminium 

0 

00.0000 

26.981 5 

53.963 0 

80.944 5 

107.926 0 

134.907 5 

161.889 0 

188.870 5 

215.852 0 

242.8335 | 

14 

mm 


0 

00.000 

28.086 

56.172 

84.258 

112.344 

140.430 

168.516 

196.602 

>24.688 

252.774 _ 

15 

■ 

Phosphorus 

0 

10 

00.0000 
309.738 0 

30.973 8 
340.711 8 

61.947 6 
371.685 6 

92.921 4 
402.6594 

123.895 2 
433.633 2 

154.869 0 
464.6070 

185.842 8 
495.580 8 

216.816 6 
526.554 6 

.47.79q 4 
57.5284 

278.764 2 
588.302 2_ 

16 

s 

Sulphur 

0 

10 

00.000 

320.640 

32.064 

352.704 

64.128 

384.768 

96.192 

416.832 

128.256 

448.896 

160.320 

480.960 

192.384 

513.024 

224.448 

545.088 

56.512 

77.152 

2SS.576 

509.216 

19 

IBM 

Chlorine 

0 

00.000 

35.453 

70.906 

106.359 

141.812 

177.265 1 

212.718 

248.171 2 

83.624 

>19.077 J 


on 

Potassium 

0 

00.000 

39.102 

78.204 

117.306 

156.408 1 

195.510 1 

234.612 

273.714 1 312.816 | 351^__ 

RS 


Calcium 

0 

00.00 

40.08 

80.16 

120.24 

160.32 1 200.40 | 

240.48 

280.56 j 320.64 1 360.72 ; 

?s 

Mn 

Manganese 

0 

00.000 1 54.938 | 

109.876 

164.814 

219.752 

274.690 

329.628 

384.566 1 439.504 4 

9444^; 

7.6 

Fe 

Iron 

0 

00.000 1 55.847 | 

111.694 

167.541 

223.388 

279.235 

335.082 

390.929 1 446.776 5 

0262^1 

303^! 

71.9M__! 

77 

Co 

Cobalt 

0 

00.0000 

58.933 2 

117.8664 

176.799 6 

235.732 8 

294.6660 

353.5992 

412.532 4 1 471.465 6 5 

29 

S9D 

Copper 

0 

00.00 

63.546 

127.092 

190.638 

254.184 

317.730 

381.276 

444.822 1 508,368 5 




0 

00.00 

65.37 

130.74 

196.11 ) 

261.48 

326.85 

392.22 

457.59 1 522.96 _5 

1 

33 

As i 

Arsenic 

0 

00.0000 

74.921 6 

149.843 2 

224.7648 

299.686 4 

374.608 0 

149.529 6 

524.451 2 1 599.3728 6 

74 2^j 

Ti 

ngi 


0 

00.000 

79.904 

159.808 

239.712 

319.616 

399.520 

79.424 

559.328 i 639.232 < 

19.136^1 
,2.1396_1 
0138!"' 
(2.29H5: 
6.:43'sl' 
6.514 71, 

6.78561- 
7.056 51; 

5315 54' 
';,666l*' 
6q!_6 74 




0 

000.000 0 

126.9044 

253.808 8 

380.713 2 

507.617 6 

534.522 0 

61.426 4 1 

S88.330 8 11015.235 2 iH 


HaO 

'vVatcr('AH20 

= 9.00767) 

0 

10 

00.00000 
180.153 40 

18.01534 
198.168 74 

36.030 68 
216.18408 

54.046 02 
234.199 42 

72.061 36 
252.214 76 

90.07670 
170.230 10 2 

08.092 04 
88.245 44 

126.107 38 
>06.260 78 

144.122 /2 1 
324.27^iU: 


CHs 

Victhylenc 

1 

00.00000 
140.270 90 
280.541 80 
420.812 70 
561.083 60 

14.02709 
154.29799 
294.568 89 
434.839 79 
575.110 69 

28.054 18 
168.32508 
308.595 98 
448.86688 
589.137 78 

42.081 27 
82.352 17 
>22.62307 
162.89397 
>03.164 87 

56.10336 
196.379 26 
536.650 1 6 
♦76.92106 
517.19196 

70.13545 
.10.40635 2 
50.677 25 3 
90.948 1 5 5 
31.219 05 6 

84.162 54 
24.433 44 
64.704 34 
04.975 24 
45.246 141 

98.189 63 
238.460 53 
78.731 43 
19.002 33 
59.273J3 

112.216721 1. 
252.487 62 j 2( 
392.758 521 4C 
533.029 42 1 54 
673.300 32;J>S 


CHa 

Methyl 

0 

10 

20 

00.00000 
150.350 60 
300.701 20 

15.035 06 
165.385 66 
315.736 26 

30.070 12 
180.420 72 
530.771 32 

45.105 18 
95.45578 
45.80638 

60.140 24 
>10.490 84 2 
>60.84144 3 

75.175 30 
25.525 90 2 
75.876 50 3 

90.210 36 
40.560 96 
90.911 56 4 

05.245 42 
55.59602 
05.946 62 

120.2S04Sj 13 
270.631 OS i 2S 
420.981 6S[_43 


NHi 

Ammonium 

m 

00.000 00 

18.038 58 

i no AnA 'IQ 

36.07716 54.11574 72.15432 

)ie,'ifi2 9r, 234.50154 252.54012 2 

90.192 90 1 
70.578 70 2 

98.231 48 1 
58.617 28 3 

26.Ld/UU0: 

06.655 86| 324.694 44, 










































Chemical Conversion Factors 
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imon chemical converiion (actor* 


F 

or converting 

Factor 

>ogi. 

For convening 

Factor 

luSii 


into scetoacetic acid 

1.758 

0 2450 

Aatoaceticadd. 

... into acetone 

0 5689 

O.75S0-1 

(tone 

into O-hydroxybutync acid 

1.792 

02333 

p-Hydiozybntytic 

acid into ace tone .. . . 

0 5579 

0.7466-1 


intoCaO 

1 399 

01458 

CaO 

... intoCa 

0.7147 

08541-1 
































. 

uitoKaiO 

1.348 

0.1297 

Na.O 

.. intoNa 

0.7419 

0 8704-1 


ijitofiOt 

2351 

036fi0 

P.Oe 

. infoP 

0 4364 

0 6399-1 


lOtoIIiPOt 

3 164 

05002 

H,PO. . - 

. . . intoP 

0 3161 

0 4993-1 


into SOr . 

2 497 

0,3974 

SO, 

intoS.. 

0 4005 

06026-1 


into H, SO. 

3 059 

0 48S7 

H,SO, . . 

mtoS 

0 3269 

0.5144-1 

rotein-N 

into protein 

6 25 

07959 

Protein . 

intoptotem-N.. . 

016 

0 2041-1 

mmonia-N 

intoammorua . . 

1.216 

00849 

Ammonia 

. intoammoma-N 

0 8224 

09151-1 

reatme>N , 

into creatine 

3121 

04943 

Cceaime 

. into cteatine*N 

0 3204 

0 5057-1 

Tc*timne>N 

into creatinine 

2 692 

04301 

Creatinifte ■ 

into creatinine>N 

03715 

0 5700-1 

Irea-N 

into urea 

2144 

0 3312 

Urea... 

mtourea-N 

0.4665 

0 6689-1 

liie ictd‘N 

into UII4 acid 

3 001 

0 4772 

Uric acid 

into uric aeid'N 

0 3333 

0 5228-1 

.ipid-P. 

into phospbacides 

235 

13711 





Jpid-P 

into leeichin 

25 

1,3979 

Lecithin 

mtolipid'P 

OWO 

0 6021-2 


envartlon of eonctntratlon unit* 

In chmcal chemiitrjr, conccntntion dau Cot fluid* *bould be 
lated to the unit litte, those fot solids to the unit kilogtamme 
he use of ambiguous unit* like 'g%', ‘mg%’, ‘ppm’, etc. should 
: avoided since they do not make it clear whether the data teUte 


murium tf mfltOOml uila mmeljl tnj net nria 


mmol/1 to X m g /100 ml 10000 x g/lOOmI 
molecular weight molecular weight 

ngllOO ml - 


.tuttnum *J ml e/gaillCO ml uilo mmilit and net nria 
at 0*C, 2.24 — mdlimolar normal volume of an ideal gas) 


ral/100 ml 


ml/lQOmI 

2.24 

2.24 X mraol/l 


.fmrrnoa tf rngJIOO ml mla mCq'l* and tut rrria 


mEq/1 - 
mR/TOO ml — 


10 X mg/lOOml x valency 
molecular weight 
rnEq/l X molecular we ight 
10 X valency 


• Cf fxxnow CM p«E« ES. 


Temperature variation of molarity and normality 
of aqueou* »olution$ 

The following eonversion factor* for tempetaiures deviating 
from the normal temperature of 20 ‘C are for 0 1*N solutions and 
assume a coefficient of expansion for glass of 0 000027’ 


I 

I 

J 


14*0 
15*C 
16’C 
17 'C 
18*C 
19X 
»!•€ 
21 •€ 
22 •€ 
23 'C 
24*C 

25 *0 

26 "C 
27 ‘C 


10010 
10009 
1 0007 
1 0006 
1 0004 
1 0002 
1 0000 
0 9998 
0 9996 
0 9994 
0 9991 


0 9983 


RtfetcDce 

Spnnger, Berlin, 1928, page i 


in Kc 


F. I M , £>,« Msjft 
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ICAO Standard Atmosphere' 


Hit ICAO «tjnibt(l aimosphctc i> fundamentally defined in terms of on 
Iilral ait assunted to l>e devoid of moisture, water vapour and dust. It is based 
vn arrepteil ilnclirii r.ihi/tfcr tht iia-lmlair, as follows: 

Atmosplieric pressure ~ 1,01325 x 10' N nr»(- 760 torrl 

I'emperature r, ~ 28fl.lSK(- IS'Q 

Density p, ■- 1.22S0 fcftm-’ 

Arcelcration due to pravity at 45” nropraphic latitude jfj ~ 9.80665 m s'* 

Tlir telati ve molecular mass Af (molecular weipbt) of air at sea level is calcu- 
hteu from the equation of state of n perfect fjaa 

c - 


utinj; the fttandarit values for Co, /j, /# nt sea level and for the molar gas con- 
»tant/C,vhlchiiha»cdon the relative atomic mass {atomicwclphi; sec pace 226 ^ 
of the nuclide **C « 32. 

Molar gai constant R « 8.3143 J K"* mol'* 

Uclaiivc molecular mass of air at sea level 28.9644 

Note that for the altitudes tabulated below (he mean relative molecular mass 
of nlf is assumed to be the same as at sea level {M^), 


Ccmposiiicn cf dearie dry atrietphrie air near sea level 


Gas 

Relative 

molecular 

mass 

vol % 

Gas 

Relative 

molecular 

mass 

Vol ri 

N. 

28.0134 

78.084 

CH, 

16.04303 

*0.0002 

o, 

31.9988 

20.9476 

N,0 

44.0128 

0.00005 

Ar 

39.948 

0.934 

o, 

47.9982 

•Summer 0-0.00 

CO, 

44.00995 

*0.0314 



*Wintcr 0-0.C0( 

Nc 

20.183 

0.001818 

SO, 

64.0628 

•0-0.0001 

He 

4.0026 

0.000524 

NO, 

46.0055 

•0-0.000002 

Kt 

83.80 

0.000114 

NH, 

17.03061 

•0 to traces 

Xc 

131.30 

0.0000087 

CO 

28.01055 

*0 to traces 

H, 

2.01594 

0.00005 

I. 

253.8088 

•0-0.000001 


* The content of these gases may undergo significant variations fromti 
to time Of from place to place relative to the normal mdiaicd for the 


Reference 

^ From the Manual of the ICAO Standard Atmosphere, 2nd cd., Internal 
Civil Aviation Organization, Montreal, 1964. Reproduced by kind 
mission of the publishers. 


Geo- 

metric 

altitude 

(m) 

Temper- 

ature 

Atmospheric pressure 

/>//>« 

Boiling 
point of 

Density 

e/po 

Velocity 
of sounc 

Dynamic 

viscosity 

Thermal 

conductivity 

G« 
rocu 
almu 
) (ftl 

(“Q 

mbar 

torr 


7”q 

(kg m-*) 

(m s-’) 

(N s m-*) 

(kal m'* s'* deg** 

-1000 

- 950 

- 900 

- B50 

- 800 

- 750 

- 700 

- 650 

- 600 

- 550 

- SOO 

- 450 

- 400 

- 350 

- 300 

- 250 

- 200 

- 150 

- 100 
- SO 

0 

so 

100 

150 

200 

250 

300 

350 

400 

450 

SOO 

550 

600 

650 

700 

750 

eoo 

850 

000 

050 

1000 

1050 

1100 

1150 

1200 

1250 

1300 

1350 

1400 

1450 

1500 

1550 

1600 

1650 

1700 

1750 

1800 

1850 

1900 

1950 

2000 

2050 

2100 

2150 

2200 

2250 

2300 

2350 

2400 

2450 

21.501 

21.176 

20.851 

20.526 
20.201 
19.876 
19.550 
19.225 
18.900 
18.575 
18.250 
17.925 
17.600 
17.275 
16.950 
16.625 
16.300 
15.975 
15.650 
15.325 
15.000 
14.675 
14.350 
14.025 
13.700 
13.375 
13.050 
12.725 
12.400 
12.075 
11.750 
11.425 
11.100 
10.775 
10.450 
10.126 

9.501 
9.476 
9.151 
8.826 

8.501 

8.176 

7.851 

7.526 
7.201 
6.877 
6.552 
6.227 
5.902 
5.577 
5.252 
4.927 
4.603 
4.278 
3.953 
3.628 
3.303 
2.978 
2.654 
2.329 
2.004 
1.679 
1.355 
1.030 
0.705 
0.380 
0.055 

-0,269 

-0.594 

-0.919 

1.13931+3 
1.13272 
1.12616 
1.11963 
1.11313 
1.10666 
1.10023 
1.09382 
1.08744 
1.08110 
1.07478+3 
1.06849 
1.06224 
1.05601 
1.04981 
1.04365 
1.03751 
1.03140 
1.02532 
1.01927 
1.01325+3 
1.00726 
1.00129 
9.95360+2 
9.89454 
9.83576 
9.77727 
9.71906 
9.66114 
9.60349 
9.54612+2 
9.48904 
9.43Z23 
9.37570 
9.31944 
9.26346 
9.20775 
9.15231 
9.09714 
9.04225 
8.98762+2 
8.93327 
8.87918 
8.82535 
8.77180 
8.71850 
8.66547 
8.61270 
8.56020 
8.50795 
8.45596+2 
8.40423 
8.35276 
8.30155 
8.25059 
8.19988 
8.14943 
8.099 23 
8.04928 
7.99958 
7.95014+2 
7.90094 
7.85199 
7.80328 
7.75482 
7.70661 
7.65863 
7.61091 
7.56342 
7.51618 

8.54554+2 
8.49610 
8.44689 
8.39792 
8.34917 
8,30066 
8.25237 
8.20432 
8.15649 
8.10889 
8.06151+2 
8,01436 
7.967 43 
7.92073 
7.87425 
7.82799 
7.78195 
7.73614 
7.69054 
7.64516 
7.60000+2 
7.55505 
7.51032 
7.46581 
7.42151 
7.37743 
7.33356 
7.28990 
7.24645 
7.20321 
7.16018+2 
7.11736 
7.07475 
7.03235 
6.99015 
6.94816 
6.90638 
6.86480 
6.82342 
6.78225 
6.74127+2 
6.70050 
6.65993 
6.61956 
6.57939 
6.53941 
6.49964 
6.46006 
6.42068 
6.38149 
6.34249+2 
6.30369 
6.26509 
6.22667 
6.I8S45 
6.15042 
6.11258 
6.07492 
6.03746 
6.00018 
5.96309+2 
5.92619 
5.88947 
5.85294 
5.81659 
5.78043 
5.74445 
5.70865 
5.67303 
5.63760 

1.12441+0 
1.11791 
1.11143 
1.10499 
1.09858 
1.09219 
1.08584 
1.07952 
1.07322 
1.06696 
1.06073+0 
1.05452 
1.04835 
1,04220 
1.03609 
1.03000 
1.02394 
1.01791 
1,01191 
1.005 94 
1.00000+0 
9.94086-1 
9.88201 
9.82344 
9.76515 
9.70714 
9.64942 
9.59197 
9.53480 
9.47791 
9.42129-1 
9.36495 
9.30889 
9.25309 
9.19757 
9.14232 
9.08734 
9.03263 
8.97818 
8.92401 
8.87009-1 
8.81645 
8.76307 
8.70995 
8.65709 
8.60440 
8.55215 
8.50008 
8.44826 
8.39669 
8.34539-1 
8.29433 
8.24354 
8.19299 
8.14270 
8.09265 
8.04286 
7.99332 
7.94402 
7.89498 
7.84618-1 
7.79762 
7.74931 
7.70124 
7.65341 
7.60583 
7.55849 
7.51138 
7.46452 
7.41789 

103.31 

103.15 

102.98 
102.81 

102.65 

102.48 

102.32 

102.15 

101.99 

101.83 

101.66 

101.49 

101.32 

101.16 

100.99 
100.82 
100.66 

100.49 

100.33 
100.16 
100.00 

99.83 

99.66 

99.50 

99.33 

99.17 

99.00 

98.83 

98.67 

98.50 

98.33 

98.17 

98.00 

97.84 

97.67 

97.50 

97.34 

97.17 

97.00 

96.84 

96.68 

96.50 

96.34 

96.18 

96.00 

95.84 

95.68 

95.51 

95.34 

95.18 

95.01 

94.84 

94.68 

94.51 

94.34 

94.17 

94.01 

93.84 

93.68 

93.51 

93.34 

93.17 

93.01 

92.84 
92.67 

92.51 

92.34 

92.17 

92.01 

91.84 

1.3470+0 

1.3407 

1.3344 

1.3281 

1.3219 

1.3157 

1.3095 

1.3033 

1.2971 

1.2910 

1.2849+0 

1.2788 

1.2727 

1.2667 

1.2607 

1.2547 

1.2487 

1.2427 

1.2368 

1.2309 

1.2250+0 

1.2191 

1.2133 

1.2075 

1.2017 

1.1959 

1.1901 

1.1844 

1.1786 

1.1729 

1.1673+0 

1.1616 

1.1560 

1.1504 

1.1448 

1.1392 

1.1337 

1.1281 

1.1226 

1.1171 

1.1117+0 

1.1062 

1.1008 

1.0954 

1.0900 

1.0846 

1.0793 

1.0740 

1.0687 

1.0634 

1.0581+0 

1.0529 

1.0476 

1.0424 

1.0372 

1.0321 

1.0269 

1.0218 

1.0167 

1.0116 

1.0066+0 

1.0015 

9,9648-1 

9.9147 

9.8648 

9.8151 

9.7656 

9.7163 

9.6672 

9.6183 

1.0996+0 

1.0945 

1.0893 

1.0842 

1.0791 

1.0740 

1.0690 

1.0639 

1.0589 

1.0539 

1.0489+0 

1.0439 

1.0390 

1.0340 

1.0291 

1.0242 

1.0193 

1.0145 

1.0096 

1.0048 

1.0000+0 

9.9521-1 

9.9044 

9.8568 

9.8094 

9.7622 

9.7152 

9.6683 

9.6216 

9.5751 

9.5288-1 

9.4826 

9.4366 

9.3908 

9.3451 

9.2996 
9.2543 
9.2092 
9.1642 
9.1194 
9.0748-1 
9.0303 
8.9860 
8.9419 
8.8979 
8.8541 
8.8105 
8.7670 
8.7237 
8.6806 
8.6376-1 
8.5948 
8.5521 
8.5096 
8.4673 
8.4252 
8.3832 
8.3413 

8.2996 
8.2581 
8.2168-1 
8.1756 
8.1345 
8.0936 
8.0529 
8.0124 
7.9719 
7.9317 
7.8916 
7.8517 

344.111 

343.921 

343.731 

343.541 

343.351 

343.161 

342.970 

342.780 

342.589 

342.399 

342.208 

342.017 

341.826 

341.635 

341.443 

341.252 

341.061 

340.869 

340.678 

340.486 

340.294 

340.102 

339.910 

339.718 

339.525 

339.333 

339.141 

338.948 

338.755 

338.562 

338.370 

338.177 

337.983 

337.790 

337.597 

337.403 

337.210 

337.016 

336.822 

336.629 

336.435 

336.240 

336.046 

335.852 

335.657 

335.463 

335.268 

335.074 

334.879 

334.684 

334.489 

334.293 

334.093 

333.903 

333.707 

333.511 

333.316 

333.120 

332.924 

332.728 

332.532 

332.335 

332.139 

331.942 

331.746 

331.549 

331.352 

331.155 

330.958 

330.761 

1.8206-5 
1.8190 
1.8175 
1.8159 
1.8144 
1.8128 
1.8113 
1.8097 
1.8081 
1.8066 
1.8050-5 
1.8035 
1.8019 
1.8003 
1.7988 
1.7972 
1.7956 
1.7941 
1.7925 
1.7909 
1.7894-5 
1.7878 
1,7862 
1.7847 
1.7831 
1.7815 
1.7800 
1.7784 
1.7768 
1.775 2 
1.7737-5 
1.7721 
1.7705 
1.7689 
1.7673 
1.7658 
1.7642 
1.7626 
1.7610 
1.7594 
1.7579 -5 
1.7563 
1.7547 
1.7531 
1.7515 
1.7499 
1.7483 
1.7467 
1.7451 
1.7436 
1.7420-5 
1.7404 
1.7388 
1.7372 
1.7356 
1.7340 
1.7324 
1.7308 
1.7292 
1.7276 
1.7260-5 
1.7244 
1.7228 
1.7212 
1.7196 
1.7180 
1.7164 
1.7147 
1,7131 
1.7115 

6.1748-6 

6.1687 

6.1626 

6.1566 

6.1505 

6.1444 

6.1383 

6.1323 

6.1262 

6.1201 

6.1140-6 

6.Kn9 

6.1018 

6.0957 

6.0S96 

6.0835 

6.0774 

6.0713 

6.0652 

6.0591 

6.0530-6 

6.0469 

6.0408 

6.0347 

6.0286 

6.0225 

6.0164 

6.0102 

6.0041 

5.99S0 

5.9919-6 

5.9858 

5.9796 

5.9735 

5.9674 

5.9612 

5.9551 

5.9490 

5.9428 

5.9367 

5.9305-6 

5.9244 

5.9182 

5.9121 

5.9059 

5.8998 

5.6936 

5,8375 

5.8813 

5.8752 

5.8690-6 

5.6628 

5.8567 

5.8505 

5,8443 

5.8382 

5.8320 

4.8258 

5.8197 

5,8135 

5.8073-6 

5.8011 

5.7949 

5.7887 

5.7826 

5.7764 

5.7702 

5.7640 

5.7578 

5.7516 1 

-32S£ 

-311f 

-2952 

-2765 

-2624 

-2460 

-2296 

-2132 

-196S 

-1S04 

-1640, 

-1476. 

-1312. 

-1148. 

- 5S4 

- S 20 . 

- 656. 

- 492. 

- 323. 

- 164.1 

1 

164.( 

323.: 

492.1 

656.: 

320.; 

934.3 

1143.3 

1312.3 
1476 4 

1640.4 
1304 5 

1965.5 

2132.5 
2246 6 
2460 6 
2624.7 
2733.J 
29528 
31163 
3230.3 

3603.9 

377j0 

3937.0 

4101.0 

4429 1 
4593 2 
4"5i-‘ j 
40 : 1 . 3 ; 
5055-’! 

524”-’ 1 
54l.'.4 i 

55774 i 
5741.5 1 
59il5 5 ' 

623’ 6' 
639‘-5 
6561.2 ■ 
6725.; ' 

i 

2 n5^ 


» Interpolated by the editors f rom the table on page 257. 
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CQ 


Dtoaty 


9S<9S'l 

»5210 

»472« 

9 424S 
9 3745 
9 3247 
9 3811 
92337 
91B44 
91394 
)925-l 
1459 
f994 


/497 

n*i 

4791 


U47 

1935-1 

ISO* 

1075 


78119'! 
7 7722 
77328 
7 4934 
7 4543 
14153 


74407 
7 4225-1 
7 3844 
7 3444 
7.3046 
7 2710 
7 2335 
7 1941 
71589 
71219 
7 0849 
7 0482-1 
70114 
69751 
4 9388 
49026 
68644 
6 8307 
6 7949 
67593 
47239 
44883-1 
4 6534 
66183 
6 5835 
4 5487 
6 5141 
64796 
64453 
64111 
4>7’1 
63432-1 
6 3094 
6 2758 
6 2423 
62089 
6 1737 
61426 
6 1097 


60117. 

5 9793 

59470 

59149 

5 8829 

3 8510 

S8I92 

51874 

S7362 

57248 

5 6934-1 

54625 


SS701 
5 5 395 
5 5091 
5 4788 
5 4486 

3 4186 

5 3887-1 
5 3589 
5 3292 
5 2997 
51703 
52410 
52116 
51828 
51539 
5 1231 
50944-1 
5 0679 
5 0394 

soil] 

4 9830 
4 9549 
4 9270 
9 8992 
4 6715 
4 8439 
48165-1 
41891 

4 7419 
41348 
4 7079 
4 6810 
4 6543 
46277 
4 6012 
4 5748 


(m »-») 


TIKOSIty 

CN 


330 $63 
330 366 
330168 
329 971 
329 773 
329.575 
329 377 
329 179 
328 930 
328 782 
328 583 
328 383 
328 186 
321 961 
327 788 
327 589 
327 390 
327 191 
326 991 
326 792 
326 592 
326 392 
126192 
325 992 
325 191 


323 191 

324 990 
324 790 
324 389 
324 388 
324187 
323 983 
323 784 
323 382 
323 381 
323 179 
322977 
322 773 
322 573 
322 371 
322 169 
321 966 
321164 
321 361 
321 358 
321 155 
320 952 
320 749 

10 543 

••>342 


17 685 
17 480 
17 275 
17 069 
-16 863 
516 638 
316 452 
316 246 
316 039 
315 833 
315 627 
115 420 
315 213 
315 007 
314 800 
314 593 
314 385 
314178 
313 970 
515 763 
313 555 
313 347 
313159 
312931 
312 723 
312 514 
312 306 
312 097 
311 888 
311 679 
311 470 
311 261 
311051 
310 842 
310 652 
310 422 


1 7D99-S 
1 7083 
1 7067 
1 7051 
1 7035 
17019 
1.7002 
1 6986 
16970 
1 6954 
1 6938-5 
1 6921 
1 6905 
1 6889 
1 6873 
1 6857 
1 6840 
1 6824 
1 6808 
1 6792 
1 6775.5 
1 6759 
16143 
1 6726 
1 6710 
1 6694 
1 6677 
1 6661 
t 664$ 

1 6628 
6612-5 
6596 
6579 
6563 
6546 
6530 
6513 
6497 
6481 
6464 
6448-5 
6431 
6415 
6398 
6382 
6365 
6349 
6332 
6316 
6299 
6282-5 
6266 
6249 
6233 
6216 
6200 
6183 
,61U 
6130 
6133 
16116-5 
1 6100 
1 6083 
1 6066 
1 6050 
1 6033 
1 6016 
1 6000 
I 5983 
1 5966 
1 5949 -5 
1 6933 
15916 
1 5899 
1 5882 
1 5865 
I 5849 
1 5832 
15815 
> 5798 
1 5781-5 
I 57 6 4 
I 5748 
1 5731 
15714 
1 5697 
1 5680 
1 5663 
15646 
1 5629 
15612.S 
1 5595 
I 5578 
1 5561 
1 5544 
1 5527 
1 5510 
I 5493 


5 7454-6 
5 7392 
5 7330 
5 7268 


57019 
5 6957 
5 6895 
5 6833-6 
5 6771 
5 6709 
5 6646 
5 6584 
5 6522 
5 6460 
5 6397 
5 6335 
5 6273 
5 6210-6 
56148 
5 6085 
5 6023 
5 5961 
5 5898 
5 5836 
5 5773 
5 5711 
5 5648 
5 5586-6 
5 5523 
5 5460 
5 5398 
5 5335 
5 5273 
5 5210 
5 5147 
5 5084 


5 4833 
5 4771 
S470S 
5 4645 
5 4582 
5 4519 
S4U6 
5 4393 
5 4331-6 
5 4268 
5 4205 
5 4142 
5 4079 
5 4016 
5 3953 
>3390 
5 3826 
5 3763 
5 3700-6 
5 3637 
5 3 574 
5SSI1 
5 3448 
5 3384 
5 3321 
5 3258 
53195 
53131 
5 3068-6 
S3005 
5 2941 
5 281 8 
5 2815 
5 2751 
5 2688 
5 2624 


5 2307 
5 2243 
5 2180 
52116 
5 2052 
5 1989 
S 1925 
5 1862 
51798-6 


metric 

(ft) 

8202.1 
83661 
8530 2 
8694 2 
8838 3 
9022 3 

9330 4 
9514 4 
9678 5 
9842 5 
10006 6 
10170 6 

10498 7 
10662 7 
10826 8 
10990 8 
11154 9 
11318 9 
11482 9 
11647 0 
118110 
11975 ! 
12159 1 
12303 1 
12467 2 
12631 2 
12795 3 
12959 3 
J3I234 
13287 4 
13451 4 
13613 5 
13779 5 
13943 6 
14107 6 
14271 7 


* 

Its 


.^748 0 
59121 
i6076 1 
6240 2 

16732 3 
16896 3 
-0604 
224 4 
.388 5 
7352 5 
.7716 5 
.7880 6 
8044 6 
.8208 7 
.8372 7 
18536 7 
IB7D08 
1B864S 
19028 9 
19192 9 
19357 0 
1952 1 0 
19685 0 
198491 
20013 1 
20171 2 
20341 2 
20505 2 
20669 3 
20833 3 
20997 4 
21161 4 
21325 5 
21489 5 
21653 5 
21817 6 
21981 6 
22145 7 
22309 7 
22473 8 I 
22637 8 I 
22801 8 I 
22965 9 
23129 9 
23294 0 
23458 0 
23622 0 
23786 1 
23950 ) 
24114 2 
24278 2 
24442 3 
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Cto- 

mfitlc 

«!i!lui!c 

(n<) 

7500 
7550 
7000 
7050 
7700 
7750 
7800 
7R50 
7900 
7950 
8000 
8050 
8100 
8150 
8200 
8250 
8500 
8350 
8400 
8450 
8500 
8600 
8700 
8800 
8900 
9000 
9100 
9200 
9300 
9400 
9500 
9600 
9700 
9800 
9900 
10000 
10100 
10200 
10300 
10400 
10500 
10600 
10700 
10800 
10900 
11000 
11100 
11200 
11300 
11400 
11500 
11600 
11700 
11800 
11900 
12000 
12100 
12200 
12300 
12400 
12500 
12600 
12700 
12800 
12900 
13000 
13100 
13200 
13300 
13400 
13500 
13600 
13700 
13800 
13900 
14000 
14500 
15000 
15500 
16000 
16500 
17000 
17500 
18000 
18500 
19000 
19500 
20000 
21000 
22000 
23000 
24000 
25000 
26000 
27000 
28000 
29000 
30000 
31000 
32000 


Tcmfvcr- 

alute 

-33.693 

-34.017 

-34.341 

-34.665 

-34.989 

-35.314 

-35.638 

-35.962 

-36,286 

-36.610 

-36.935 

-37.259 

-37.583 

-37.907 

-38.231 

-38.555 

-38.880 

-39.204 

-39.528 

-39.852 

-40.176 

-40.824 

-41.473 

-42.121 

-42.769 

-43.417 

-44.065 

-44.714 

-45.362 

-46.010 

-46.658 

-47.306 

-47.954 

-48.602 

-49.250 

-49.898 

-50.546 

-51.194 

-51.842 

-52.490 

-53.137 

-53.785 

-54.433 

-55.081 

-55.729 

-56.376 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-56.500 

-55.569 

-54.576 

-53.583 

-52.590 

-51.598 

-50.606 

-49.614 

-48.623 

-47.632 

-46.641 

-45.650 

-44.660 


Atmospheric pressure 


mhar 


3.82996*2 

3.80279 

3.77577 

3.74890 

3.72219 

3.69564 

3.66924 

3.64299 

3.61689 

3..59095 

3.56516+2 

3.53952 

3.51403 

3.48868 

3.46349 

3.43845 

3.41355 

3.38880 

3.36419 

3.33973 

3.31541+2 

3.26721 

3.21958 

3.17252 

3.12602 

3.08007+2 

3.03467 

2.98981 

2.94550 

2.90172 

2.85846+2 

2.81574 

2.77353 

2.73184 

2.69066 

2.64999+2 

2.60981 

2.57013 

2.53094 

2.49224 

2.45402 

2.41628 

2.37901 

2.34221 

2.30587 

2.26999+2 

2.23460 

2.19976 

2.16547 

2.13171 

2.09848 

2.06576 

2.03356 

2.00186 

1.97066 

1.93994+2 

1.90970 

1.87994 

1.85064 

1.82180 

1.79341 

1.76546 

1.73795 

1.71086 

1.68420 

1.65796+2 

1.63213 

1.60670 

1.58166 

1.55702 

1.53276 I 

1.50888 

1.43538 

1.46224 

1.43946 

1.41704+2 

1.31006 

1.21118 

1.11978 

1.03528 

9.57175+1 

8.84971 

8.18225 

7.56522 

6.99481 

6.46748+1 

5.97998 

5.52930 

4.72893 

4.04749 

3.46686 

2.97174 

2.54922 

Z18837 

1.87997 

1.61619+1 

1.39042 

1.19703 

1.03126 „ 

8.89063+0 


torr 

2.87271 + 2 
2.85232 
2.83206 
2.81191 
2.79187 
2.77196 
2.752 15 
2.73247 
2.71289 
2.69343 
2.67409+2 
2.65486 
2.63574 
2.61673 
2.59783 
2.57905 
2.56037 
2.54181 
2.52335 
2.50500 
2.48677+2 
2.45061 
2.41489 
2.37959 
2.34470 
2.31024+2 
2.27619 
2.24254 
2.20930 
2.17647 
2.14402+2 
2.11198 
2.08032 
2.04905 
2.01816 
1.98765+2 
1.95752 
1.92776 
1.89836 
1.86934 
1.84067 
1.81236 
1.78441 
1.75680 
1.72955 
1.70263+2 
1.67609 
1.64996 
1.62423 
1.59891 
1.57399 
1.54945 
1.52530 
1.50152 
1.47812 
1.45508+2 
1.43240 
1.41007 
1.38809 
1.36646 
1.34517 
1.32420 
1.30357 
1.28325 
1.26326 
1.24357+2 
1.22420 
1.20512 
1.18634 
1.16786 
1.14967 
1.13176 
1.11412 
1.09677 
1.07968 
1.06286+2 
9.82628+1 
9.08460 
8.39901 
7.76525 
7.17940 
6.63783 
6.13719 
5.67438 
5.24654 
4.85101+1 
4.48536 
4.14732 
3.54699 
3.03587 
2.60036 
2.22899 
1.91207 
1.64141 
1.41009 
1.21225+1 
1.04290 
8.97846+0 
7.73508 
6.66852 


A//’. 


3.75306 
3.72639 
3.69988 
3.67352 
3.64731 
3.62125 
3.59535 
3.56960 
3.54399 
3.51854- 
3.49323 
3.46807 
3.44306 
3.41820 
3.39348 
3.36891 
3.34448 
3.32020 
3.29606 
3.272 06- 
3.22449 
3.17748 
3.13103 
3.08514 
3.03979- 
2.99498 
2.95071 
2.90698 
2.86377 
2.82109- 
2.77892 
2.73726 
2.69612 
2.65548 
2.61533- 
2.57568 
2.53652 
2.49785 
2.45965 
2.42193 
2.38468 
2.34790 
2.31158 
2.27572 
2.24031-1 
2.20538 
2.17100 
2.13715 
2.10383 
2.07103 
2.03875 
2.00697 
1.97568 
1.94489 
1.91457-1 
1.88473 
1.85536 
1.82644 
1.79797 
1.76995 
1.74237 
1.71522 
1.68849 
1.66218 
1.63628-1 
1.61078 
1.58569 
1.56098 
1.53666 
1.51272 
1.48915 
1.46595 
1.44312 
1.42063 
1.39851-1 
1.29293 
1.19534 
M05 13 
1,02174 
9.44658-2 
8.73399 
8.07525 
7.46629 
6.90334 
6.38291-2 
5.90179 
5.45700 
4.66709 
3.99456 
3.42153 
2.93288 
2.51588 
2.15976 
1.85539 
1.59506-2 
1.37224 
1.18138 
1.01777 
8.77437-3 


Boiling 
point o 
water* 

cq 

r Density 

(leg m->) 

-1 74.84 

5.5719-1 

74.68 

5.5399 

74.51 

5.5080 

74.34 

5.4762 

74.17 

5.4446 

74.00 

5.4131 

73.83 

5.3818 

73.66 

5.3506 

73.49 

5.3196 

73.32 

5.2886 

-1 73.15 

5.2579-1 

72.97 

5.2272 

72.80 

5.1967 

72.63 

5.1663 

72.47 

5.1361 

72.29 

5.1060 

72.12 

5.0761 

71.96 

5.0462 

71.78 

5.0165 

71.62 

4.9870 

1 71.44 

4.9576-1 

71.11 

4.8991 

70.76 

4.8412 

70.42 

4.7838 

70.08 

4.7270 

1 69.73 

4.6706-1 

69.39 

4.6148 

69.05 

4.5595 

68.70 

4.5047 

68.37 

4.4504 

1 68.02 

4.3966-1 

67.68 

4.3433 

67.33 

4.2905 

66.99 

4.2382 

66.65 

4.1864 

66.30 

4.1351-1 

65.96 

4.0843 

65.61 

4.0339 

65.27 

3.9840 

64.92 

3.9346 

64.58 

3.8857 

64.24 

3.8372 

63.89 

3.7892 

63.55 

3.7417 

63.20 

3.6946 

62.85 

3.6480-1 

62.51 

3.5932 

62.16 

3.5372 

61.82 

3.4820 

61.47 

3.4277 

61.14 

3.3743 

60.79 

3.3217 

60.45 

3.2699 

60.11 

3.2189 2 

59.77 

3.1688 2 

59.44 

3.1194-1 2 

59.10 

3.0708 2 

58,76 

3.0229 2 

58.42 

2.9758 2 

58.09 

2.9294 2 

57.75 

2.8838 2 

57.42 

2.8388 2 

57.09 

2.7946 2 

56.75 

2.7510 2 

56.42 

2.7082 2 

56.09 

2.6660-1 2 

55.76 

2.624 4 2 

55.43 

2.5835 2 

55.10 

2.5433 2 

54.77 

2.5037 2 

54.45 

2.464 6 2 

54.12 

2.4262 1 

53.80 

2.3884 1 

53.48 

2.3512 1 

53.15 

2.3146 1 

52.83 

2.2786-1 1. 

51.22 

2.1065 1. 

49.63 

1.9475 1. 

48.07 

1.8006 1. 

46.51 

1.6647 1. 

44.98 

1.5391 1. 

43.47 

1.4230 1. 

41.96 

1.3157 1. 

40.41 

1.2165 9. 

39.01 

1.1247 9. 

37.36 

1.0400-1 8. 

36.13 

9.6157-2 7. 

34.70 

8.8910 7.. 

31.92 

7.5715 6. 

29.19 

6.4510 5.: 

26.53 

5.5006 4.* 

23.94 

4.6938 3.1 

21.42 

4.0084 3,1 

18.94 

3.4257 2.‘ 

16.54 

2.9298 2.: 

14.18 

2.5076-2 2.C 

11.87 

2.1478 1.7 

9.63 

1.8410 l.J 

7.43 

1.5792 1.2 

5.26 

1.3555 1.1 


O/Oo 


4.5485-1 
4.5224 
4.4963 
4.4704 
4.4446 
4.4189 
4.3933 
4.3678 
4.3425 
4.3173 
4.2921-1 
4.2671 
4.2422 
4.2174 
4.1927 
4.1682 
4.1437 
4.1194 
4.0951 
4.0710 
4.0470-1 
3.9993 
3.9520 
3.9052 
3.8588 
3.8128-1 
3.7672 
3.7220 
3.6773 
3.6330 
3.5891-1 
3.5456 
3.5025 
3.4598 
3.4175 
3.3756-1 
3.3341 
3.2930 
3.2523 


Velocity 
of sound 

Cm s-') 


Dynamic 

viscosity 

(N s m“’) 


Thermal 

conductivity 

(kcal m-* 5-' deg-') 


310.212 
310.002 
309.792 
309.582 
309.371 
309.160 
308.950 
308.739 
308.528 
308.317 
308.105 
307.894 
307.682 
307.470 
307.258 
307.046 
306.S34 
306.622 
306.409 
306.197 
305.984 

305.558 
305.131 
304.704 
304.276 
303.848 
303.419 
302.989 

302.559 
302.129 
301.697 
301.265 
300.833 
300.400 
299.966 
299.532 
299.097 
298.661 
298.225 
297.788 
297.350 
296.912 
296.474 
296.034 
295.594 
295.154 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.069 
295.703 
296.377 
297.049 
297.720 
298.3S9 
299.056 
299.722 
300.386 
301.048 
301.709 
302.368 
303.025 


Geo- 

iKtric 

aitited: 

(ft) 


1.5442-5 
1.5425 
1.5408 
1.5391 
1.5374 
1.5357 
1.5340 
1.5323 
1.5305 
1.5288 
1.5271-5 
T.5254 
1.5237 
1.5220 
•1.5202 
1.5185 
1.5168 
1.5151 
1.5134 
1.5116 
1.5099-5 
1.5065 
1.5030 
1.4995 
1.4961 
1.4926-5 
1.4891 
1.4856 
1.4822 
1.4787 
1.4752-5 
1.4717 
1.4682 
1.4647 
1.4612 
1.4577-5 
1.4541 
1.4506 
1.4471 
1.4436 
1.4400 
1.4365 
1.4329 
1.4294 
1.4258 
1.4223-5 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216-5 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216-5 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216-5 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216 
1.4216-5 
1.4216 
1.4216 
1.4267 
1.4322 
1.4376 
1.4430 
1,4484 
1.4538 
1.4592 
1.4646-5 
1,4699 
1.4753 
1,4806 
1.4859 


35-6 


5.1160-6 
5.1096 
5.1032 
5.0968 
5.0904 
5.0840 
5.0776 
5.0712 
5.0648 
5.0584 
5.0520-6 
5.0456 
5.0392 
5.0328 
5.0264 
5.0200 
5.0135 
5.0071 
5.0007 
4.9943 
4.9878-6 
4.9750 
4.9621 
4.9493 
4.9364 
4.9235 
4.9106 
4.8977 
4.8848 
4.8719 
4.8590-6 
4.8460 
4.8331 
4.8201 
4.8072 
4.7942-6 
4.7813 
4.7683 
4.7553 
4.7423 
4.7293 
4.7163 
4.7033 
4.6903 
4.6772 
4.664 2-6 

4.6617 

4.6617 

4.6617 
4.6617 
4.6617 
4.6617 

4.6617 

4.6617 

4.6617 
4.6617-6 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617-6 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617-6 
4.6617 
4.6617 
4.6617 
4.661 7 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617 
4.6617-6 
4.6617 
4.6617 
4.6804 
4.7004 
4.7204 
4.7403 
4.7602 
4.7800 
4,7999 
4.8197-6 
4.8395 
4.8593 
4.8790 
4,8988 


24605.3 

24770.3 

24934.4 

25055.4 
25262J 

25426.5 

23550.6 
25754.6: 
25918.61 
26DSZ7 
26 246.71 
26410.8! 
26574.81 
2673881 
269015! 
27066.9 

27231.0 

27395.01 

27559.1 

2vm 

27557.1 
282151 

28543.3 

28671.4 

29159.5 

29527.6 

29555.6 

30183.7 
30511.81 
30839.91 
31168.0! 

31496.1 i 

31824.1 
321521! 
32480.31 

32808.41 
33156.5' 
33464 6; 

33792.7 
34120.71 
3444S.S| 
34776.9! 

35 105.0 1 
354331 
357611 
360891 
36417.3 

36745.41 
37073.5 1 
37401.6 1 
37729.7, 
33057./ 1 
3S3S5S| 

38713.9 1 
39f42.0| 

3939011 
396951 

40026.2 

40354.3 

40682.4 1 
41 0105 1 
413386! 
41666./ 1 
419948: 
42322.8 

42650.91 
429790 
43307. 

43635.2 

43963.3 

44 291.Z, 

44619.4 ■ 
44947.51 
4 5 2 75,6; 

45 603 7 
4 5 931.5! 
47572.2 1 
49212.6 
50S53 0! 
52493 41 
54133.9 
55774 3' 
57414./ ; 
5905? , 
6069551 
62336 01 
63976.4; 
65616 91 

1 

^ : 

82021.0 
85301.6; 
63582.7, 
91863 5 
95144.4/ 
OS425-, 


♦InteiHated by the editors from the table on page 257. 




Mercury Barometer Correction* (1-40®C, 600-790 mm Hg) 


255 


Tlie comction factor /i II caloitiied from the fotmula/j - 1 - * 

vbece l + (3, 



BatooitMt In nun Hg I 

1 CorctctlQn 

•mure 

i 600 1 610 1 

620 1 

630^ 

640 1 650 1 660 1 670 [ 680 i 690 | 700 | 710 | 72) | 730 | 740 



1 770 1 780 1 

■ 790 

1 1 

1 

' 1 

( { Amounr Ai in nulliinetKi M be tubtneted ^ | 

' [ 

' 1 

' 1 1 

1 


6 I < 01 j 4 w I 4 IS I < 2i j 4 :s j 4 3S | 4 41 1 4 4» 1 4 S4 1 4 61 | 4 t? j 4 74 | 4 80 | 4 87 | 4 93 


S 00 I S 06 I S 13 


99 837 
999 674 
999 520 
999346 
0999184 
99902) 
99S85S 
990 695 
998537 
0998369 
998206 
993044 
997 88) 
997 71S 
0 997555 
997394 
99723) 
997 068 
996905 
0996744 
996 587 
996 421) 
996 251 
996 093 
0995934 
995771 
995 610 
995448 
995285 
0 995128 
994968 
994801 
994640 
994479 
0994317 
994155 
993994 
993 833 
993671 

09935U 


“1 — ^ — r 


4 47|4 54’4 6t|4 68 |4T3[ 4 82 j487j4 96 j5: 


999 3U> 
0 999 134 
9M96^ 

990 6K 
993 444 
0 998270 
993098 
997 924 
997751 
997 581) 
0 997408 
997235 
997064 
996 89) 
996710 
0 996 547 
996374 
996204 
99603) 
995859 
0 995 687 
995 514 
995344 
995170 
99500) 
0 994629 
994658 
994487 
994314 
994144 


02 5 09 516 


«i of ibt puWnSen of the* Simli/U TaUu 


I 5 23 [ 5 30 I 3 3 7 I 5 44 




Saturation pressure of water vapour below 0 ”0 over water 


millibat (mb)> 


‘C 

.9 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

.1 

mm 

"C 

.9 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

-14 

1.928 

1.944 

1.960 

1.976 

1.992 

2.009 

2,025 

2.042 

2,059 

2.076 

-14 

1.446 

1.458 

1.470 

1.482 

1.494 

1.507 

1.519 

1.532 

-13 

2.093 

2.110 

2.127 

2.144 

2.162 

2.180 

2,197 

2,215 

2.233 

2.252 

-13 

1.570 

1.582 

1.595 

1.608 

1.622 

1.635 

1.648 

1.662 

-12 

2.270 

2.288 

7 307 

2,376 

2.345 

2.364 

2.383 

2.402 

2.421 

2.441 

-12 

1.703 

1.716 

1.730 

1.744 

1.759 

1.773 

1,787 

1.802 

-11 

2.461 

2.480 

2.500 

2.521 

2.541 

2.561 

2.582 

2.602 

2.623 

2.644 

-11 

1.846 

1.861 

1.876 

1.891 

1.906 

1.921 

1.936 

1.9S2 

-10 

2.666 

2.687 

2.708 

2.730 

2.752 

2.774 

2.796 

2.818 

2.840 

2.863 

-10 

1.999 

2.015 

2.031 

2.048 

2.064 

2.080 

2.097 

2.114 

- 9 

2.885 

2.908 

2.931 

2.954 

2.978 

3.001 

3.025 

3.049 

3.073 

3.097 

- 9 

2.164 

2.181 

2.199 

2.216 

2.234 

2.251 

2.269 

2.287 

- 8 

3.121 

3.146 

3.171 

3.196 

3.221 

3.246 

3,271 

3.297 

3.323 

3.348 

- 8 

2.341 

2.360 

2.378 

2.397 

2.416 

2.435 

2.454 

2.473 

- 7 

3.375 

3.401 

3.427 

3.454 

3.481 

3.508 

3,535 

3.562 

3.590 

3.618 

- 7 

2.531 

2.551 

2.571 

2.591 

2.611 

2.631 

2.651 

2.672 

- 6 

3.646 

3.674 

3.702 

3.731 

3.759 

3.788 

3.818 

3.847 

3.876 

3.906 

- 6 

2.73^ 

2.756 

2.777 

2.798 

2.820 

2.842 

2.863 

2.835 

- s 

3.936 

3.966 

3.997 

4.027 

4.058 

4.089 

4.120 

4.151 

4.183 

4.215 

- 5 

2.952 

2.975 

2.998 

3.021 

3.044 

3.067 

3.090 

3,114 

- 4 

4.247 

4.279 

4.312 

4.344 

4.377 

4.410 

4,444 

4.477 

4.511 

4.545 

- 4 

3.185 

3.210 

3.234 

3.259 

3.283 

3.308 

3.333 

3.353 

- 3 

4.579 

4.614 

4.649 

4.684 

4.719 

4.754 

4.790 

4.826 

4.862 

4.898 

- 3 

3.435 

3.461 

3.487 

3.513 

3.539 

3.566 

3.593 

3.620 

- 2 

4.935 

4.972 

5.009 

5.046 

5.084 

5.121 

5.160 

5.198 

5.236 

5.275 

- 2 

3.701 

3.729 

3.757 

3.785 

3.813 

3.841 

3.870 

3.899 

_ 1 

5.314 

5.354 

5.393 

5.433 

5.473 

5.514 

5.554 

5.595 

5.637 

5.678 

- 1 

3.986 

4.016 

4.045 

4.075 

4.105 ! 

4.136 

4.166 

4.197 

0 

5.720 

5.762 

5.804 

5.847 

5.889 

5.933 

5.976 

6.020 

6.064 

6.108 

0 

4.290 

4.322 

4.353 

4.385 

4.417 1 

4.450 

4.482 

4.515 


I .1 I ■!> - 
1 

1,816 1.S31 
1.96S 1 1.®; 
2.130 if If;- 


Saturation pressure of water vapour above 100 "C 

— " ■ — I 



100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 


1.0499, 

1.4815 

2.0489 

2.7830 

3.718 

4.889 

,6.340 

8.113 

10.258 

12.826 

15.873 

,19.458, 

23.640' 

28.484 

34.055 

40.429 

47.678 

55.876 

,65.106 

175.48 

87.13 

100.05 

,114.42, 

130.331 

1147.94 

167.35 

,188.75 

212.76 


1.0877 
1.5315 
2.1146 
2.8670 
3.823 
i5.022 
16.502 
8.311 
1 10.495 
13.107 
16.206 
,19.850, 
124.095' 
,29.007 
34.656 
141.114 
48.454 
156.730 
66.088 
76.59 
88.37 
101.43 
115.94 

1132.02 
149.80 
1169.39 

1191.02 
215.33 


1.1267 

1.5831 

2.1816 

2.9526 

3.931 

15.155 

6.666 

8.510 

10.736 

13.395 

16.543 

,20,245 

24.555 

29.536 

35.263 

141.806 

49.239 

57.635 

67.083 

77.71 

89.61 

102.81 

1117.48 

1133.72 

151.65 

171.45 

,193.31 

217.94 


1,1667 1.2080 
1.6362 1.6905 
12.2502 
3.0408 
,4.042 
5.293 
6.835 
8.717 
i 10.982 
13.686 
16.887 
,20.649 
25.020 
130.075 
'35.880 
,42.510 
150.035, 

58.531 
,68.091 
78.84 
90.87 
104.21 
119.03, 

135.431 
153.56 
173.53 
195.63 


1.1514 1.1922 1.2341 
1.6148 1.6684 1.7236 
12.2907 2.3620 


[3.0885 

4.101 

15.363 

,6.916 

8.808 

11,084 

13.601 

,17.012 

20.780 

25.162 

30.221 

36.028 


3.1794 

4.215 

5.505 

7.088 

9.017 

11.337 

14.099 

17.365 


1.2771 1 1.32I6ll.3gS 
1.7802 1.8384 1.5;- 
12,4353)2.5103 ^ 

3.2739 , 

4.332 4.4a! j45(4 , 

14.401 14.710, 


17, 




'2i:i9oi2i:6»|g:®^ 


2i.635!26.117 
30.767|31.3I9 
36.652 37.2S4 


26.60a, JT.!')! 
,31.8811-2 f: 
37.926;-'S.5'’i 


92.20 93-49 94i.» ;' cj 

105.65 107.07! 108.51,0.^ 
r0 57 122.14 123.;4 I--;, 
137,10; 138.85 • 140.62 l<jj,. 


88.44 189.63 90.94 1 92-20 

■rlin'i QQlinj “PS 

120 

■ I 1 “i? 

: ■ ■■ iss.'iejiswsj 

1 1171.26] 173.33 1 175.43 ; m.M , 1 SfOl 

190.78 193.07ll95.42ll97.79l200.li .20-’8 , 


’ Values 


from Snilhmhn MiltorclogitalTaMit, Smithsonian Institution, 


. /r\ r'y iCiAA 


I215.09i217. 72 critical temp enu^ 

^ Values from Keyes, F.G.,lnt.cnt>Ta^.t 3, 253 (1923). 

* Values calculated by the editors of these ScUntif^c 
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Vapour Pressure and Boiling Point of Water 


Sniu ratfon prc ssuro In millibar' 




v.3‘» y.oi v.oM 
in.OB 10,15 10.22 10.29 10.36 


jmbar 0 j 1 


Boiling point in degree Celsius ‘ 


7.00 10 6,99 '8:38 

8!o7 30 24'.10 24]65 

8.66 40 28.99 29.41 ■ ■ ■ ■ 

9.28 50 32.90 33.26 p;, 

9.94 60 36,19 36.49 

10.65 70 39.03 39.29 

11.40 80 41.54 41.77 

12.19 90 43,79 44.00 ■ ■ ■ ■ . 

13:93 110 47:72 47:89 ‘^^■?^l^5-f?l«-«|«.79|46.98|47.17|4733(ff| 

14.87 120 49.45 49.62 soh' 

15.87 130 51.07 51.22 ' . ■ 52.4 

16.94 140 52.58 52.72 . ■ ^£5 

inSc J/n 1122 54.28|54.4l(54.55(54.68|54.82|54.95l55.08j55.21| 

19.25 160 55.35 55,48 'rr ] cc «« I loic: 7 .^ ks JO 

20.50 170 56.62 56.74 

21.83 180 57.93 57.98 

23.23 190 58.99 59.10 

24.71 200 60.09 60.20 

26.27 210 61.15 61.25 

27.92 220 62.17 62,26 

29.65 230 63.14 63.24 

31.48 240 64.09 64.18 ' ... 

33.41 250 64.99 65.08 ' ‘ . 1 - r- ■Ml^^ ,v 

35.44 260 65.87 65.96 


l-16.52)-32.90)-8.35|-S.02 
8.38 /'•'TMft q*tIii no 


' I I I * i o i y 

■02j-2.40l-0.2tUt.9al 3.7S] 5.« 
00 In 04 lid 07iK 


10.87 10,94 11.02 11.09 11.17 

11.63 11.71 11.79 11.87 11.95 

12.44 12.52 12.61 12.69 12.78 


10.72 10,80 
11.47 11.55 
12.27 12,36 


14,02 14,11 14,20 14.30 14.39 14.49 14.58 

4.97 1.5,07 15.17 15,27 15.37 15.47 15.57 

15.98 16,08 16.19 16,29 16.40 16.50 16,61 

<>T<S< 4*t4P ...... 


13.30 13.38 


13.56 13,65 


18.17 18:29 
19.37 19.49 


17.26 17.38 17.49 17.60 17.71 

18.41 18.52 18.64 18,76 18.88 

19.61 19.74 19.86 19.99 20.12 


iv.j( jv.'iv iv.oi ly./-! ly.MO ly.yy zo.iz 

20,63 20.76 20.89 21,02 21.16 21.29 21.42 

21.96 22.10 22,24 22.38 22.52 22.66 22,80 

23.37 23.52 23.66 23.81 23.96 24.11 24.26 

24.86 25.01 25.17 25.32 25.48 25,64 25.79 

26.43 26,59 26.75 26.92 27.08 27.25 27.41 

28.09 28.26 28.43 28,60 28.77 28.95 29.12 

29.83 30.01 30.19 30.37 30.56 30.74 30.92 

31.67 31.86 32.05 32.24 32.43 32.63 1 32.82 

33,61 33.81 34.01 34.21 34.41 34,62 34,82 

35,65 35.86 36.07 36.28 36,50 36.71 36.92 

37,80 38.02 38,24 38.46 38.69 38,91 39.14 

40.06 40.29 40.52 40.76 40.99 41.23 41.47 

42.43 42.67 42,92 43.17 43.41 43.66 43.91 

44,93 45.18 45.44 45.70 45.96 46,22 46.49 

.nee JT01 AO nn .'o I 48.64 48.91 49.19 


lee ei lee ,v 


.At .1.J.ltt .tj.ot V.J./U 0.1, yu otJ.AtA, otj.oy ou./p H/.l/z 

32 47.55 47.82 48.09 48.36 48.64 48.91 49.19 49.47 49.75 50.03 

33 50.31 50.59 50.87 51.16 51.45 51.74 52.03 52.32 52.61 52.90 

34 53.20 53.50 53.80 54.10 54.40 54.70 55.00 55.31 55.62 55.93 

35 56.24 56.55 56.86 57.18 57.49 57.81 58.13 58.45 58.77 59.10 

36 59.42 59.75 60.08 60.41 60.74 61.07 61.41 61.74 62.08 62.42 

37 62.76 63.11 63.45 63.80 64.14 64.49 64.84 65.20 65.55 65.91 

38 66.26 66.62 66.99 67.35 67.71 68.08 68.45 68.82 69.19 69.56 

39 69.93 70.31 70.69 71.07 71.45 71.83 72.22 72.61 72.99 73.39 

40 73.78 74.17 74.57 74.97 75.37 75.77 76.17 76.58 76.98 77.39 

41 77.80 78.22 78.63 79.05 79.47 79.89 80.31 80.73 81.16 81.59 

42 82.02 82.45 82.88 83.32 83.75 84.19 84.64 85.08 85.53 85.97 

43 86,42 86.88 87.33 87.79 88.24 88.70 89.17 89.63 90.10 90,56 

44 91.03 91,51 91.98 92.46 92,94 93.42 93.90 94.39 94.87 95.36 

45 95.86 96.35 96.85 97.34 97.84 98.35 98.85 99.36 99.87 100.38 

46 100.89 101.41 101.93 102.45 102.97 103.50 104.03 104.56 105.09 105.62 

47 106.16 106.70 107.24 107.78 108.33 108.88 109.43 109.98 110.54 111.10 

48 111.66 112.22 112.79 113.36 113.93 114.50 115.07 115.65 116.23 116.81 

49 117.40 117.99 118.58 119.17 119,77 120.37 120,97 121,57 122.18 122.79 

50 123,40 124.01 124.63 125.25 125.87 126,49 127.12 127.75 128.38 129.01 

51 129,65 130.29 130.93 131.58 132.23 132.88 133.53 134.19 134.84 135.51 

52 136.17 136.84 137.51 138.18 138.86 139.54 140.22 140.91 141.60 142.29 

53 142.98 143.68 144.38 145.08 145.78 146.49 147.20 147.91 148.63 149.35 

54 150,07 150.80 151.53 152.26 152.99 153.73 154.47 155.21 155.96 156.71 

55 157.46 158.22 158.97 159.74 160.50 161.27 162.04 162.82 163.59 164.38 

56 165.16 165.95 166.74 167.53 168.33 169.13 169.93 170.74 171.55 172.36 

57 173,18 174.00 174.82 175.65 176.48 177,31 178.15 178.99 179.83 180.68 

58 181.53 182.38 183.24 184.10 184,96 185.83 186.70 187.58 188.45 189.34 

59 190.22 191.11 192.00 192.89 193.79 194.69 195.60 196.51 197.42 198.34 

60 199.26 200.18 201.11 202.05 202.98 203.92 204.86 205.81 206.76 207.71 

61 208.67 209.63 210.59 211.56 212.53 213.51 214.49 215.48 216.46 217.45 

62 218 45 219.45 220,45 221.46 222.47 223.48 224.50 225.52 226.54 227.58 

63 228 61 229.65 230.70 231.74 232.79 233.85 234.91 235.97 237.03 238.11 

64 239,18 240.26 241.34 242.43 243,52 244.62 245.72 246.82 247.93 249.04 

65 250.16 251.28 252.41 253,54 254,67 255.81 256.95 258.10 259.25 260.40 

66 261.56 262.73 263.90 265.07 266.25 267.43 268.61 269.80 271.00 272.20 

67 273 40 274,61 275.82 277.04 278.26 279.49 280.72 281.96 283.20 284.45 

68 285.70 286.96 288.21 289.48 290.75 292.02 293.30 294.58 295.86 297.15 

69 298 45 299.75 301.06 302.37 303.69 305,01 306.34 307.67 309.00 310.34 

70 311.69 313.04 314.39 315.75 317.12 318,49 319.87 321.25 322.63 324.02 

71 325.42 326.82 328.22 329.63 331.05 332.47 333.89 335.33 336.76 338.20 

72 339.65 341.10 342,56 344.03 345,50 346.97 348,45 349.93 351.42 352.91 

73 354,41 355.91 357.43 358.94 360.46 361.99 363.52 365.06 366.61 368.15 

74 369.71 371.27 372.84 374.41 375.99 377.57 379.16 380.75 382.35 383.95 

75 385.56 387.18 388.80 390.43 392.06 393.70 395.34 396.99 398.65 400.31 

76 401.98 403.65 405.34 407.02 408.71 410.41 412.11 413.82 415.53 417.25 

77 418.98 420.71 422.45 424.20 425.95 427.71 429.47 431.24 433.02 434.80 

78 436.59 438.38 440.18 441.99 443.80 445.62 447.45 449.28 451.11 452.96 

79 454.81 456.67 458.53 460.40 462.28 464.16 466.05 467.94 469.85 471.76 

80 473.67 475.59 477.52 479.45 481.39 483,34 485.29 487.25 489.22 491.19 

81 493.17 495.16 497.15 499.16 501.17 503.18 505.20 507.23 509.26 511.30 

82 513.35 515,41 517.47 519,54 521,62 523.70 525.79 527.89 529.99 532.10 

83 534.22 536.35 538.48 540.62 542,77 544.92 547.08 549.25 551.43 553.61 

84 555.80 557.99 560,20 562.41 564.62 566.85 569.08 571,32 573.57 575.83 

85 578.09 580.36 582.64 584.93 587.22 589.52 591.83 594.14 596.46 598.79 

lllil nni IS? tfdl 

88 649.53 652.03 65f54 657.06 659.59 662.12 664.66 667,22 669.78 67Z34 

Oft ■ . ■ ,S 714.55 717.26 719.98 722.71 725.45 

M ■ ■ -84 747.64 750.46 753.28 

. 29 776,18 779.09 782.00 

Li ■ 63 805,62 808.61 811.62 

" . 91 835,99 839.08 842.17 

C. . A lay. AM 867.30 870.48 873.68 

95 ■ ■ . ■ 899.57 902.86 906.15 

2“ . 932,84 936.23 939.62 

0^ ■ 967,12 970.61 974.10 

98 ' ■ . . . 1002.45 1006.04 1009.64 

99 ' . .III. 

100 1013,25 


5 270 66.72 66.81 

> 280 67.55 67.63 
) 290 68.35 68.43 

t 300 69.13 69.20 
i 310 69.88 69.96 
1 320 70.62 70.69 

I 330 71.33 71,40 ’ ' ■ 

1 340 72.03 72.10 

I 350 72.71 72.78 
360 73.38 73,44 
370 74.02 74.09 
380 74.66 74.72 
390 75.28 75.34 
400 75.89 75,95 
410 76.48 76.54 
420 77.06 77,12 
430 77.63 77.69 
440 78.19 78.25 
450 78,74 78.80 
460 79.28 79.34 
470 79.81 79.86 
480 80.33 80.38 

490 80.84 80.89 80.94)81.00|81.0518J.0y;bJ.l3iol...u,-..- , 

500 81.35 81.40 81.45 81.49 81.54 81.59 81.64i8I.69|S1.74 6 ■;> 

510 81.84 81.89 ' lp-> fto kft nls? )8!62.23;5i;- 

520 82.33 82.37 . ' 

530 82.80 82.85 

540 83.27 83.321 I 

550 83.74 83.78 

560 84.19 84.24 

570 84.64 84.69 

580 85.09 85.13 

590 85.52 85.57 

600 85.95 86.00 ’ ' 

610 86.38 86.42 
620 86,80 86.84 
630 87.21 87.25 
640 87.62 87.66 
650 88.02 88.06 
660 68.42 88.46 
670 88,81 88.85 
680 89.20 89,23 
690 89.58 89.62 
700 89.96 90.00 
710 90.33 90.37 
720 90.70] 90.74 
730 91.06 91.10 
740 91.43 91.46 

750 91.78 91.82 yl.83 'ji.ay iAt.A-: — . in’, lu i.i. m . 

760 92.14 92.17 92.21 92.24i92.28 92.31 |92.35 9..3SM:;- |, 

770 92.48 92.52 92.55 92.59 ;92.62|92.66|92.69!9-73 7..,^ „ 

780 92.83 92.86 92.90 92.93]92.97 OS.OOjOlOl 9307 I"„;m 4; 
790 93.17 93.20 93.24 93.27i93.31 93.34j93,87 jo-oSl, 

800 93.51 93.54 93.53 93 61 '93.64 93.6Sl93.71 93.<4|.J. „, ,< 

810 93.84 93.88 93.91 93.94 . 93.98 94.01 ,94.0;t 94 OS ej i 

820 94.18 94.21 94.24 94.27 94.31 94.34 [94.37 194.41 „4 7; 

830 94.50 94.54 94.57 94.60 94.63 

840 94.83 94.86 94.89 94.92,94.96 94.99, 95,02i95.0s -s ^ 

850 95.15 95.18 95.21 95.24 95.28 95.31 4 

860 95.47 95.50 95.53 95.56.95.59 95.62'95.66i93.69|4- 

870 95.78 95.81 95.85 95.68 .95.91 95.94 I95.9n96,«i.- ^ 053 , 

880 96.09 96.13 96.16 96.19,96.22 96.25 '96 28,96.jl j- , 3; 

890 196,40 96,43 96.47 96.50 96.53 96.56 i 96 59 96.62,- ■. 

900196,711 96.74 96.77 96.80j96.83 96.86:96.89 96.92;- y 5-:' 

910!97.01I 97.04 97.07 97.1o'97.13 97.16'97.19 9'-2-^-'55 SJ-" 

920'97,32 97.34 97.37 97.40,97.43 97.46 97.49, 9;.5-. . r„ t- 

930 97,61 97.64 97.67 97,70;97.73 97.76j97.,9i97.S-^^ ,,^1 

940 97,91 97.94 97.97 98.00,98.03 93.06, 93.0S|?S.ll- 

950 93,20 98.23 98.26 98.29 98.32 93.35 ;9S 38 JM.jO, ^, -3 e; ■ 

960 98,49 98,52 '^3 ns.61 !9S.64[9.5.66 ,9^ 6;, j 

970 98.78 93.81 . ot 2’ 

980 99.06 99.09 ' m 34 '’9.-'' ' 

990)99.35 99.37 . 

,000 99.631 1 I . 
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Reduction of Saturated Gas Volumes to Body Temperature (37^0 for 490-780 mm Hg* 259 
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Reduction of Gas Volumes'^' 


Iho fnllowinj* rcmarlnarc applicable to irny other gas in place of air with- 
out appreciable error («c under ‘Baus of calculation*, below). 

Hxplnr^atlon of the tablcn 

turn llj: Valuer in tlic uppermon line of each table observed pressure in 
turn I if; of the measured pnsvobimc. Under many conditions of mea- 
surement this will be the same as the ambient (atmospheric) pressure, 
i.e., the observed barometric pressure after correction for tempera- 
ture. Correction for pressure of water vapour under conditions of 
saturation is also provided for in the table (see under V^/.* below). 

'*(> Values in the extreme Icft-ltand column »* observed tcmpcMturc of 
the measured pas volume. 

dry 1-actor for the reduction of the measured volume of//ry gas Xo normal 
(ctditicnt (0®C, 760 mm Up, dry). Normal pas volumes arc indicated 
hy the abbreviation NTP (normal temperature and pressure). Amer- 
ican lunp specialists have introduced the abbreviation STPD (stan- 
dard temperature and pressure, dry). 

tat. 1-actor for the reduction of the measured volume of gas saiiiraietl n ith 

U'.iltr vapour to normal conditions (0®C, 760 mm Hg, dry). Gases may 
be assumed to be saturated with water vapour if they arc in contact 
with water. This applies to the air in the lungs and to exhaled air, 
as also to spirometer air (if not dried). Tor the pressure of saturated 
water vapour at various temperatures sec pages 256-258. 

Use of the tables 

yl, JUtIuctm ef mtaturtdgat vofumts to normal tondifiotts (NTP) 

The measured volume is multiplied by the factor appropriate to the con- 
ditions of measurement (temperature, pressure, dry or saturated). 

J3sampl(s: 1. What is the volume at NTP of 1.6 1 of dry gas measured at 
25 ®C and 712 mm Hg? Required volume at NTP «= 1.6 x 0.8581 *=> 1.3730 1 
(NTP). 

2, What is the volume at NTP of 1.6 1 of gas saturated with water vapour 
and measured at 25 **€ and 712 mm Hg? Required volume at NTP 1.6 x 
0.8295 •» 1.32721 (NTP). This Is the type of calculation required to convert 
spirometer values to NTP. 


n. Convertm ef mtasttred volumes to other conditions 

The measured volume is multiplied by the appropriate conversion facte 
NTP and the resulting value divided by the conversion factor corrcspocc 
to the required conditions (temperature, pressure, dr>' or moist). 

Examples: 1. What will be the volume occupied by 1.6 1 of gas mcasi 
at 25 ®C and 730 mm Hg in contact with water when warmed at cons 
pressure to 37 °C? Required volume « 1.6 x 0.8512/0.7912 *=1.72131. Ti!: 
the type of calculation required to convert spirometer values to lung vsli 
Fhe expression DTPS (body temperature and pressure, saturated) h I 
qucntly used to indicate gas volumes under lung conditions, i.c., 37 ®C,atr 
spheric pressure, saturated with water vapour. For direct conversion fa« 
for spirometer to lung values sec page 259. 

2. What will be the volume occupied by 1 .6 1 of dry gas measured at 0 'Cj 
600 mm Hg after saturation with water vapour, warming to 25 ®C and co 
pression to 760 mm Hg? Required volume = 1.6 x 0.7895/0.8873 = 1.423i 

Basis of calculation 

The conversion factors have been calculated on the basis of the follo^i: 
formulae; 

Conversion factor Conversion factor 

for reduction of ^ P ^ for reduction of _ P ^ 

gas volumes “ 760 (1 + a /)* vol- ” 760(l-f-CE/) ^ 

to normal umes to normal 

p, t pressure in mmHgand temperature in®Cof the measured gasvoJu’n 

p\uo pressure of saturated water vapour at the temperature / (see ju? 
256-258). 

a volume cociRclent of thermal expansion of the gas between 0 and 100 
at a constant pressure of 760 mm Hg. In these tables the value forafj 
0.003 670 per ®C (Recnault, 1 842), has been used. Under the same cor 
ditions the value for an ideal gas is 0.003661 (=* 1/273.15), fornitro?c 
0.003671, for carbon monoxide 0.003669, for carbon dioxide 0.003 71’ 
for acetylene 0.003739. The conversion factors arc therefore clad 
applicable without sensible error to other gases in addition to atn 

Note that in calculating the factors the 4th decimal place has been obtasaec 
by rounding off upwards or downwards. Any discrepancies with factors pvrr 
in other tables (c.g., in the Handbook of Chemistry and Physics) are due xo ti : 
use of other values for the c.vpansion coefficient or conversion factors 
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8045 7647 

8019 7399 

7993 7330 

7966 7500 


0,8974 0.89/3 0.8987 0.8927 0.9000 0.8940 0.0013 0.8953 0.9026 0.8966 

8941 8876 8954 8889 8967 8903 8980 89/6 89931 8929 

8908 8839 8921 8852 8934 8865 89471 8878 89611 889! 

8876 8802 8889 88/3 8902 8828 89151 884/ 8928; 8854 

8844 8765 8857 8778 8870| 879/ 8883 8804 88961 88/7 

0.8812 0,8727 0.8825 0.8740 0.8838 0.8753 0,885] 0.8766 0.8864 0.8779 
8780 8690 8793 S7Q3 8806 87/6 8819 8729 8832 8742 

8749 8653 8762 8663 8775, 8678 8787 869/ 8800 8704 

8718 86/3 8731 8628 8743 8640 8756 8633 8769 8666 

8687 8377 8699 8390 8712 8603 8725 86/3 8738 8628 

0.8656 0.8539 0.8669 0.8552 0.8681 0.8565 0.8694 0.8377 0.8707 0.8590 
8625 830/ 8638 83/4 8651 8526 8663 8339 8676 8552 

8595 8463 8608 8475 8620 8488 8633 8300 8646 83/3 

8565 8424 8578 8437 8590 8449 8603 8462 8615 8474 

8535 8383 8548 8398 8560 84/0 8573 8423 8385 8433 


0,8505 0.8346 0.8518 0.8338 0.8530 0.837! 

8476 8307 8488 8319 8501 833/ 

8447 8267 8459 8279 8471 8292 

8418 8227 8430 8239 8442 823/ 

8389 8186 8401 8/98 8413 821! 


0.8360 0.8145 0.8372 0,8/37 0.8385 0.8/70 

8332 8/04 8344 8//6 8356 8/28 

8303 8062 8315 8074 8328 8086 

8275 8020 8287 8032 8299 8044 

8247 7977 8259 7989 8271 800/ 

0,8220 0.7933 0.8232 0.7943 0.824410.7937 
8192 7889 8204 790/ 

8165 7843 8177 7837 

8137 7799 8149 7811 

8110 7733 8122 7763 

0.8084 0.7706 0.8096 0.77/S ' 

8057 7639 8069 767/ 

8031 7611 8042 7622 

8004 736 / 8016 7373 

7978 7511 7990 7323 80021 7333 

0 7952 0.7460 0.7964 0.7472 0.7976(0.7484 
’7920 7409 7938 7420 

7901 7336 7912 7367 

7875 7302 7887 73/3 

7850 7246 7862 7238 

0.7825 0.7190 0.7836 0.7202 0.7848, '0.72/3 
7800 7/33 7811 7/44 

7775 7074 7787 7083 


0.8543'0.8383 0.8555 0.8396 
8513 8344 8526 8336 

8484 8304 84961 83/6 

8455 8264 8467) 8276 

8426 8223 8438 8233 

0.8397 0.8/82 0.8409.0.8/94 
83681 8/40 83801 8/33 

8352 8/// 
8324 8068 

8296 8023 

0.8268 0.7981 0, 
8240| 7937 
8213 7892 

8185 7847 

815 8 780/ 

0.8131 0.7754' 
8104 ) 7706 

or\.7D 


8025 7338 

0.7999 ' 0.7307 
7973 7433 

7947 7402 

7922 7348 

7396 7293 

0.787110.7236 
7846j 7/79 
7821 7120 


S364j 8123 
83361 8080 
8308 1 8037 
'.8280I0.7993 
8252j 7949 
8225 ) 7904 
8197' 7839 







































_clry I tal. 

O.M55 
9321 92S6 

9287 P2IS 
92'10 9/(!rt 9253 P/79 

9207 S)I!S 9220 91‘it 
0.917't O.mO 0,9187 0.9t02 
915'l 9063 
91081 90l!\ 9121 902! 

90701 .?P77t 9088 S9S6 
9050 m<f 
0.902'1 0.S907 
8992 sm 
8901 ,SS2S 

8929 sm 

8898 S;-IS. 
0.8855}O.WPJ|0.8807 0.S70S\ 
882-11 SiSSl 8830 O’Orf/i 
8800 S626 
8770 SSSS 
87331 S!30\ 87-15 8!4} 
0.8703!o.Mm|o.8716 O.SSOI 
8686 S-15S 
8656 S-tlS 
23 8615 S359 8627' S37I 

2-1 8586 S3IS 8598 S327 

■ 25 0,8557 0.S27I 0.8509 0.S283 

26 8528 S226 85-10 S23S 

27 8500 StSO 8512 SI92 

28 8't72 SI33 8-183 SM! 

29 8-l-t3 SOSd 8-155 S09S 

30 0.8-110 0.S03S 0.8427 0.S0!0 

31 8388 7990 8400 S0Q2 

32 8360 7930 8372 7932 

33 8333 7S9Q 8345 7902 

34 8306 7S39 8317 78!t 

35 0.8279 0.7787 0.8290 0.77PP 

3 0 8252 7734 8203 7746 

37 8225 7680 8237 7692 

38 8199 762! 8210 7636 

39 8172 7S69 8184 7!80 

40 0.8146 0.7/// 0.8158 0.7/2/ 

41 8120 74!3 8132 7464 

8100i 740S{ 


721 


1 
2 

3 9371 9297 

4 9337 92S8 

5 0.9303 0.9218 

6 9270 9179 

7 9236 9140 

8 9203 9101 

9 9171 9061 

10 0.9138 0.9021 

11 9106 8982 

12 9074 8942 

13 9042 8901 

14 9011 8861 

15 0.8979 0.8820^ 

16 8948 8779\ 

17 8917 8737 

18 8887 8696 

19 8856 86!3 

20 0.0020 0.8611 

21 8796 8!68 

22 8766 8!2! 

23 8736 8481 

24 






25 0.8678 i 

26 8648 

27 8620 

28 




' 8562 

8203 

i 0.8534 0.///7 

8506 

8108 

8478 

8058 


immamiiim 


8423 

7956 

,0.8395 0.7P0-/ 

8368 

7850 

8341 

7796 

8314 

7740 

8287 

7684 

0,8261 0.7525 

8235 

7367 

8208 

7507 



724 725 TZ^ ) 727 

0.9526 0.9466 0.9539 0.9479 0.9553 O.P- 
9491 9427 9505 9440 9518 P-' 

9457 9388 9470 9401 9483 9414 9495 9427 

9423 9349 9436 9362 9449 937! 9462 9388 

9388 9309 9401 9322 9414 933! 9427 9348 


9495 9427 9509 9440 'J3U • 

9462 9388 9475 9401 94S5. ^ 

...... nj.o rt.in 0441, 


0.8558 0.8181 
8530 8132 
8502 8082 
8474 8031 
8446 7979 


0.8863 0.8648 
8832 8605 
8802 8561 
8773 8317 

8743 8472\ 
0.8714 O.S427\ 
8684 8382\ 

8655 //// 
8627 S2SS 




0.8570 0.8192 
8541 814! 

8513 8093 
8485 8043 
8458 7991 

0.8430 0.7939 
8403 788! 


y-to^ yjno y-t-y y.w ' :i >.«* 

9388 9309 9401 9322 9414 933! 9427 9!48 9440 9361 9453; , 

0.9355 0.9270 0.9368 0.P2// 0.9380 0.9296 0.9393 0.9309 0.9406 0.9322 0.94!9'6.f.W 
9321 9231 9334 9244 9347 9237 9360 9269 9373 9282 9355, >■■■_• 

9288 9191 9301 9204 9313 9217 9326 9230 9339 9243 935-; y--' 

9255 9132 9267 916! 9280 9177 9293 9190 9306 920! WI?] 

9222 9112 9234 912! 9247 9138 9260 P//0 9273 9163 OZSil ■ • ‘ 

0.9189 0.9072 0.9202 0.908! 0.9214 0.909S 0.9227 0.9110 0.9240 0.9123 • 

9157 9032 9169 9045 9182 9037 9195 P570 9207 9083 9-20. 

9124 8992 9137, 900! 9150 9017 9162 9030 9175 9042 0 S/j 

9093 8931 9105 8964 9118 8977 9130 8989 9143 9002 9155j 

9061 89/1 9073 8923 9086 /P/6 9098 8948 9111 8961 9I-J, 

0.9029 O.S/70 0.9042 (7.SJ/2 0.9054 0.889! 0.9067 0./P07 0.9079 0.SP20 tt.-'l 

8998 8829 9010 //■// 9023 8833 9035 m/ 904S SS7S 'OOU/ 

8967 /7/7. 8979 /7P5' 8992 W/2 9004 8824 9016 M36 51'-^, 

8936 874! 8948 67/7 8961 8770 8973 67/2 S9S5 /7P7 f 

8905 8703 8918 8715 8930 8727 8942 8740 6955 8752 | 

0.8875 0.8660 0.8887 0.8672 0.8899 0.8684 0.8912 0./6P7 0.8924 0.S70P 
8845 8617 8857 8629 8869 8641 88S1 8633 6S94 8666 8-^. 

8815 8373 8827 838! 8839: 8598 8851 8610 SS63 8622 -S'-. 

8785 8529 8797 8541 8809 8533 8821 8366 8833 8378 SSJ', -j; 

8755 8483 8767 8497 8779 8509 8791 8321 8804 S33i 

0.8726 0.8439 0.8738 0.8431 0.8750 0.8464 0.8762 0.8476 0.8774 0.84SS 
8696 8394 8709 8406 8721 8418 8733 8430 8745 8442 6'-'' j,.: 

8667 8347 8679 8359 8691 8371 8703 8383 8715 8393 

8639 8300 8651 8312 8662 8324 8674 8336 S6S6 8348 y,,; 

8610 8233 8622 8263 8634 8276 8646 8288 8655 8300 j 

0.8581 0./207 

8553 8133 ' “gj' gh‘^ 

8525 8103 8537 8117 8549 8129 8560 SMI 85/21 au/ i ,,(! 

8497 8034 8509 8066 8521 8078 8532 8090 8544 ) 810' f-- 

8469 8003 8481 SOM 8493 8026 8505 8038 8516 8630 ,,v( 

3.8442 0.7930 0.8454 0.7962 0.8465 0.79/4 0.8477 O.'P// 0.S4S9 0.7997 O.Ea . 

8415 7897 8426 7908 8438 7920 8449 7P/2 8461 /94> . , 

8387 7842 8399 7854 8411 2/5/ 8422 7877 8434 //« ‘ g' ;f.-s 

8360 7787 8372 7798 8383 7810 8395 7/2 / 8407 /«/ “ 

8334 7730 8345 7741 8357 7733 8368 7764 S3S0 

3.8307 0.7672 0.8318 0.7684 0.8330 0.7695 0.8341 0.7707 0.8353:0.77'/ ‘’■".g. 'j:;: 
8280 7613 8292 7625 8303 7636 8315 7647 8326 /6f9 ,, 

8254 7333 8265 7364 8277 7376 8283 7//7 _8300|__7/9£ . 


















































Reduction of Gas Volumes 


mrii 1 If! 750 
'C ilty j /,!/. 

0 o.osr.fiio.p.suv 

1 9832 ms 

2 !)7';7 9727 

3 9761 9m 

^ 9726 96-17 

5 0.9691 0.96(16 

6 9656 9S66 

7 9621 9S2S 

8 9587 PV,W 

9 9553 9-l-IJ 

10 0.9519 0.9102 

1 1 9'IR5 9.161 

12 9-152 9J20 

13 9-119 927S 

M 9386 92J6 

15 0.935-1 0.919-1 

16 9321 91 S2 

17 9289 9109 

IB V257 9066 

19 9225 9022 

20 0.919-1 0..597P 

21 9162 S92-I 

22 9131 SS90 

23 9100 SS-15 

2-1 9070 S799 

25 0.9039 0.S7S} 

26 9009 S706 

27 8979 S6S9 

28 89-19 S6U 

29 8919 S562 

30 0.8B90 0.SSI2 

31 8860 S-162 


I - ”L 

j ilty j ul. 

i0.9R82;0.W2f 
98-15 o;/si 
9810 97-10 
977-1 9700 
9739 9660 
0.970-1 0.9619 
9669 9S7S 
963-1 9S3S 
9600 9-197 
9566 9-tS6 
0.9532 0.9-(IS 
9-198 9)7-1 
9-165 9JJ2 
9-132 9291 
9399 9249 


752 

dry /a/. 

0.9895 0.99)4 
9859 9794 
9823 975) 
9787 97!) 
'm2. 9672 
0,9716 0.96)2 I 
9682 9S9I 
96^7 9!SI 
9613 9SI0 
9578 9469 


dry I /a/. 


754 

dry \ tat. 


0.9557 0.9440 
9523 9)99 
9-190 93S7 
9-157 9)16 
9-124 9274 


0.9570 0.94S3 
9536 9-7/2 
9503 9)70 
9469 9)2S 
9436 9286 


W5 ^ 

__dry tat. 

0,9934 0.9m 
9898 98)) 
9862 979) 
9826 97!2 
9790 97)1 
0.9755 0.967! 
9720 96)0 
9685 9589 
! 9651 9548 

9617 9302 
0.9583 0.9-/66 
9549 9424 
9515 93W 
9482 9)4! 
9449 9299 


_ 756 

dry [ ra/. 

0,9947 0.9887 
) 9911 9846 

) 9875 9806 

2 9839 9765 

I 9803 9724 
I 0.9768 0.9684 
9 9733 964) 

9 9698 9602 

f 9664 936/ 

? 9629 9320 

: 0.9595 0.9478 
I 9561 94)7 

' 9528 9)95 

' 9494 9)5) 

’ 9461 9)1/ 

■ 0.9428 0.9269 
' 9396 9226 

9363 9/8) 

’ 9331 9/40 

9299 9096 
0.9267 0.9052 ( 
9236 9008 
9204 896) 
9173 89/7 

9142 8872 


757 

_dry_| ra/, 

’ 0.9961 0.9900 
9924 9860 
9888 98/9- 
9852 9778 
9816 9737 
0.9781 0.9697 
9746 9636 
9711 96/3 

9676 937-/ 
9642 9332 
0.9608 0.9-/9/ 
9574 9-/30 
9540 9408 
9507 9)66 
9474 9324 
0.9441 0.928/ i 
9408 9239 
9376 9/96 

9343 9/32 
9311 9/09 


758 

dry- ra/. 

0.9974 0.99/3 
9937 9873 
9901 9832 
9865 979/ 
9829 9730 
0.9794 0.9709 
9759 9669 
9724 9627 
9689 9386 
9655 9545 


759 

dr)- I ;r/. - 
0.9987:o.J52; 
9950“ 3/t.- 
9914| 9jr- 
9878 m 
9842| 57(1 
0.%0T;0.9777 
9772| ffri' 
9737! 3/4,'. 
9702; 5555 
9668 933? 


0.9621 0.9504 0.9633 9.93;/ 
9587 9462 9599 1 9433 
9553 9420 9566' pr?/ 
9520 9378 9532 515!- 
9486 9336 9499 93/9 


0.9051 0.8763 
9021 87/8 

8991 867/ 

8961 8623 

8931 8374 I 

0.8902 0.8324! 
8872 8474 1 
8843 8423 
8814 837/ 
8785 83/9 
0.8757 0.8263 



0.8937 0.8360 0.8949 0.8372 0.8961 0.8384 0.8973 0.8393 
I 89081 83/0 ] 8919 832/ 8931 8333 8943 83431 

8890 8470 8902 8482 8914 8494 

8861 84/8 8873 8430 8885 8442 

8832 8363 8844 8377 8856 8389 

0.8803 0.83/2 0.8815|0.8323 0.8827 0.8333 
8775 8237 8786 8269 8798 8280 

87471 820/ 8758 82/3 8770 8224 

8718! 8/43 8730 8/36 8741 8/68 

8690- 8087 8702 8098 8713 8//0 

0.8663:0.8028 0.8674 0.8039 0.8685 0.803/ 
86351 7968 8646| 7979 8658 799/ 

8607 7906 8619- 79/8 


' 0.9453 0.9294 

> 9421 923/ 

' 9388 9208 

' 9356 9/63 

' 9324 9/2/ 

0.9292 0.9077\ 
9260 9032 
9229 8987 
9197 8942 
9166 8896 
0.9136 0.SS49 
9105 8802 
9074 , 8734 
9044 8706 
9014 8637 
0.8984 0.8607 
8955 8337 


' 0.9466 tI.93K 
9433I 9251 
• 9400! pm 
' 936S| 9/77. 

9336! 911! 
0.9304'0.fC?7 
9272' fv-iJ 
924! i !9>!' 
9209' f?j-' 
917S! 89!S 
0.9148'fl.f«f 
9117, nil 
9086' 87/.< 
9056! ?/'!/ 

9026; m 

‘o.sm'o.ssD 

8967! SK- 


8765' 8/9/ 


0.6708 O.SO/i 


0 1.0000 0.9940 

1 0,9963 9899 - 

2 9927 9858 

3 9891 98/7 

4 9855 9776 

5 0.9820 0.9733 i 

6 9785 9694 

7 9750 9633 

8 9715 96/2 

9 9680 937/ 

10 0.9646 0.9529 ( 

11 9612 9487 

12 9578 9446 

13 9545 9404 

14 9511 936/ 

15 0.9478 0.93/9 

16 9445 9276 

17 9413 9233 

18 9380 9/89 

19 9348 9/43 

20 0.9316 0.9/0/ 

21 9284 9037 

22 9253 90/2 

23 9222 8966 

24 9191 8920 

25 0.9160 0.8873 

26 9129 8826 

27 9098 8778 

28 9068 8730 

29 9038 868 / 

30 0.9008 0.863/ 

31 8979 8380 

32 8949 8329 

33 8920 8477 

34 8891 8424 

35 0.8862 0.8370 

36 8833 83/3 

37 8804 8239 

38 8776 8202 

39 8748 8/44 

1 40 0.8720 0.8083 

41 8692 8023 

42 8664 7963 


9940 987/ 

9904 9830 
9868 9789 


9930 9836 

9894 98/3 


9797 9707 9810 9720 9823 9733 9836 9746 

9762 9666 9775 9679 9788 9692 9801 9704 

9728 9623 9740 9638 9753 9630 9766 9663 

9693 9383 9706 9396 9718 9609 97311 9622 

0.9659 0.9342 0.9671 0.9334 0.9684 0.9567 0.969r0.95S0 
9625 9300 9637 93/3 9650 9323 96631 95)8 

9591 9438 9603 947/ 9616 9483 96291 9496 

9557 94/6 9570 9429 9582 944/ 9595 9434 

9524 9374 9536 9386 9549 9399 9561 1 94// 

0.9491 0.933 / 0.9503 0.9344 0.9516 0.9336 0.9528 0.9369 
9458 9288 9470 930 / 9483 93/3 9495 9326 

9425 9243 9438 9238 9450 9270 9462 9282 

9393 9202 9405 92/4 9417 9226 9430 9239 

9360 9/38 9373 9/70 9385 9/82 9397 9/93 

0.9328 0.9/ /4 0.9341 0.9/26 0.9353 0.9/38 0.9365 0.9/30 
9297 9069 9309 908/ 9321 9093 

9265 9024 9277 9036 9289 9048 

9234 8978 9246 8990 9258 9002 

9203 8932 9215 8944 9227 8956 

0.9172 0.8883 0.9184 0.8897 0.9196 0.8909 
9141 8838 9153 8830 9165 8862 

9110 8790 9122 8802 9134 88/4 

9080 8742 9092 8734 9104 8766 

9050 8693 9062 8703 9074 87/6 


1.0066 

/.0006 

0029 

0.9964 

0.9992 

9923 

9956 

9882 

9920 

984/ 

0.9884 

0.9800 

9849 

9739 

9814 

97/7 

9779 

9676 

9744 

9634 

0.9709 

0.9393 

9675 

933/ 

9641 

9309 

9607 

9466 

9574 

9424 

0.9541 

0.938/ 

9508 

9338 


0.9020 0.8643 
8990 8392 

8961 834/ 

8931 8489 

8902 8436 


0,9032 0.8633 
9002 8604 

8973 8333 
8943 8300 

8914 8447 


0.8897 0.8403 I 
8868 8330 
8839 8294 

8811 8237 
8782 8/79 8794 8/90 

0.8754 0.8/20 0.8766 0.8/3/ 
8726 8039 

8699 7998 


0.9256i0.8970 

9225 

^p22 

9194 

S'S74 

9164 

SS25 

9133; 

8776 
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Aqueous Solutions - General 


llic vital functions of highly developed organisms are closely 
dependent on the internal aqueous medium and on the maintenance 
in It of extreme constancy of chemical and physical properties. For 
the physici.in a Imowlcdgc of some of the properties of aqueous 
solutions is therefore essential to an understanding of water and 
electrolyte balance and how it may be modified clinic.illy. 

In spite of the advances made in physical chemistry there remain 
considerable gaps in our Icnowicdgc of aqueous solutions. The 
properties of solutions with concentrations up to 0.01 mol/kg can 
now be c.ilcul.itcd with great accuracy, hut for solutions of higher 
concentration it is necessary to introduce empirical correction 
f-ictors in order to reconcile measured with theoretical values. In 
biology and medicine, however, this is of little importance since 
the approximate formulae derived from theory are sufficiently 
accurate for most practical purposes. 

This section should be read in conjunction with the tables on 
pages 272-276 and with the chapter 'Water and Electrolyte Balance’ 
(pages 523-530). 

Definitions of the concepts atom, molecule and ion 

A molecule of a substance is that group of elementary particles 
existing as kinetic unit in the gaseous phase of the substance at 
low concentration. The number of molecules per unit volume and 
their kinetic energy determine the mechanical and thermal proper- 
ties of ideal gases. Molecules can be made up of one kind of ele- 
ment only or of various elements in combination. The smallest part 
of an element identifiable in compounds of which the element forms 
a part is known as an atom. 

The 'chemical bonds’ binding atoms together to form molecules 
arc usually more than one order of magnitude stronger than the 
attractive forces between molecules. For this reason the molecules 
of a substance arc often recognizable as units even in the condensed 
state. This does not apply, however, to many groups of substances, 
in particular metals and salts ; here the term molecule is used in the 
purely formal sense as the sum of the atoms given in the empirical 
formula. 

Salts arc not made up of atoms bound together by orientated 
forces but of electrically charged atoms - known as ions - situated 
at the centre of a spherically symmetrical electric field. Atoms are 
transformed Into positive ions (cations) by loss of electrons. and 
into negative ions (anions) by capture of electrons. Since rhe 
chemical properties of a particle arc determined by the number of 
electrons it possesses, the properties of ions arc completely different 
from those of the corresponding atoms. 


bases (almost all organic acids and bases, carbonic acid, hydrogc 
sulphide, etc.). The fraction of the total number of molecules I; 
sociated into ions is known as the degree of dissociation a. Dissc 
lution of « mole of a weak electrolyte results in the formation of 
(va + 1 -a) mole of particles. The degree of dissociation a depccii 
to a grea t extent on the concentration of the solution: theveakt 
the solution the more complete the dissociation and the closcrthi 
degree of dissociation approaches to unity. 


Ideal dilute solutions 

The thermodynamic treatment of dilute solutions makes usee; 
the concept of the ideal dilute solution. This is a solution insrhich 
the molecules of the solute are completely surrounded by solvent 
molecules, so that any further addition of solvent results in no 
further interactions between solvent and solute. Under these con- 
ditions the properties of the solvent molecules in the solutioa 
depend only on the number of dissolved particles and not on theit 
individual properties. Thus the lowering of the vapour pressure 
of the solvent due to the presence of the solute is proportional to 
the molar concentration of the solute, and the same applies to the 
osmotic pressure, freezing-point depression and boiling-point ele- 
vation. 

The osmotic pressure and freezing-point depression of an idea! 
dilute aqueous solution arc expressed as follows: 


Osmotic pressure 
(ideal) in atm 


M 

Km' 


Freezing-point depression (ideal) in °C = A7*ia = 1.86 X x v (21 


where 0.082055 = the gas constant 7? in litre atmosphere; r= ab- 
solute temperature in kclvin (K) =273.15 -h °C; 1.86 = the cryo- 
scopic constant (molal freezing-point depression of water); 
molality of the solute (number of moles of undissociated solute p« 
1000 g water) ; v = number of particles into which the solute disso- 
ciates at complete dissociation (to be replaced by the factor v a ->■ l-s 
when dissociation is not complete) ; Mj Km = ratio of molar mass to 
molar volume for water (= 1 at a good approximation). For osmotx 
pressure and freezing-point depression data for osmotic concentra- 
tions of 10-740 mmol/1000 g water see page 272. 

From (1) and (2) it follows that 

Aatm) -0.0441 xTkAT 
or P (atm. at o*C) — 12.05 X AP 


Electrolytes 

When an electric current is passed through a salt or its solution 
in water (or other polar solvent) chemical changes occur at the 
places where the current enters and leaves (the elecuodes). This 
process is known as electrolysis, a substance undergoing it as an 
electrolyte. Current passing through an electrolyte is carried by 
material particles, the ions. Positively charged ions (cations), 
which migrate in the electric field to the cathode, are indicated by 
one or more plus signs, depending on their valency, placed after 
their symbol; in the same way negatively charged ions (anions), 
which migrate to the anode, ate indicated by minus signs (for 
example, magnesium ion = Mg++, nitrate ion = NOy). 

That the ions already exist in the solution and are not formed 
when the electric field is applied can be demonstrated by measuring 
properties dependent only on the number of particles present in 
the solution, such as osmotic pressure, freezing-point depression, 
etc. (see below). The dissolution of a salt is therefore understood 
as the statistical distribution of the positive and negative ions form- 
ing the solid crystal lattice. This separation of oppositely charged 
particles is made easier by (1) a higher dielectric constant of the sol- 
vent, and (2) a stronger ion-dipole interaction between the ions of 
the solute and the polar molecules of the solvent (knowm as sol- 
vation or, for water, hydration of the ions). In respect of both (1) 
and (2) water occupies an almost unique position among solvents. 

A solution in which the solute consists of (solvated or hydrated) 
ions is known as a 'strong’ electrolyte (the term electrolyte is also 
used to describe the solute itselQ. If v is the number of ions into 
which such a solute dissociates, then « mole (see page 226) ot the 
solute will form «v mole of particles in solution (positive and neg- 
aL ions together).Thusfor NaCl v = 2, for CaCI. v =3, while for 
K Fc(CN). V = 4 since [Fe(CN).]- is a single complex ion. 

Other substances dissotiate in solution partly into ions and 
I V.!, trioVrules These and their solutions are known as 
Cak’ electrolytes. They include particularly the weak acids and 


In contrast to (1) and (2), equations (3) and (4) arc valid for a v . - 
range of concentrations than those to which the concept o 
ideal dilute solution applies, and for this reason the symbols 
A 7* do not bear the index ^ (ideal). 


Real solutions 

The higher the solute concentration the wider the 
verges from the concept of the ideal dilute solution.This di' ^ 
can be compensated for by means of a correction factor 
as the osmotic coefficient g ( = 1 for ideal dilute solutions). ^ t ^ 
given concentration a real solution diverges the more wide > r,., 
the ideal solution the stronger the interactions between the 
clcs in it. For ionic solutions the coefficient is therefore .ttt ' 
than for solutions of undissociated molecules, and for so o 
containing multivalent ions it is particularly large. , 

For very dilute ionic solutions the coefficient g can be ca cu 
by means of the Debye-Huckel limiting law. Experimenta , . 
can be obtained from the relationship 


£ = 


AT 


AT 


(S' 


ATid 1.86 w,v 

where AT is the measured freezing-point depression. 
cnee boohs {International Critical Tables, Handbook ofC 
Physics, Landolt-Bomstein, etc.) give the latter as a jn ac- 

molality m., whence g tain be obtained by dividing by ' 
cordance with (5). . /.-jj.;. 

In solutions of weak electrolytes the osmotic 
ing-point depression, osmotic pressure, etc.) depend m.un y ^ 
number of particles, which is a function of the cqncen r 
other words, they vary with the degree of dissociation “ 
ease the divergence from the ideal dilute solution is ot 
only in very precise physicochemical measurements, p.a 
as the ionic concentration remains low. 



Aqueous Solutions - Generat 


27; 


;asutcs of concentration 


Foe mized jolutiocw «iV is replaced by the sum Erriv, 

+ *»V| + ... for each of the component solutes. For* the 8^*^® 
sicnjdicity it is assumed that there is no change m the osmot'^ 
cfHcient when passing from a simple to a mixed solution 
In analogy with the mole, the unit of osmolarity and osmt’**"'; 
IS the osmole (osm) 


aiTiIents instead of moles (normality instead of molarity) is al- 
;ys neeesiary when valency or valency change is invoived, par- 
ulatly in acid-base reactions, oxidations and reductions, l^t it 
Duld be borne in mind that the normality of a solution can differ 
different types of reaction (data on decmormal solutions for titti- 
Etric analysis ire given on page 277) 


Fteezmg-point depression data ate always given for contentta- 
ini expressed as molality. 




e molality of any particular serum compuneiit, its eotueMtJiioii, 
g , m mg/t serum, must be converted into its concentration m the 

This eonvenion can be made by means of either the specific 
iTity or the protein content of setum The former method is the 
ore accurate and the approptute factors ate given on page 557 
W the basil of protein eonterif the eonverston is made by weans 
■ the following formula ’ 


-’SI”- »> 


Applications 

To obraut fmezmg-point depression and osmotic pressure 
osmolality see the table on page 272 
Omalalilj e[ blood strum from fritxin$-pomt diprisiionif) 56 °C) 
on page 272) 

Columns 5 and 6 of the table show that the (real) osmolaF'y ® 
serum is 302.1 mmol. 

SoJmm thlonJt and ghcost soluhons (table on page 273) 

(j) Tkt of NaCI and glucose (or fructose) iorr<ipiin^'’S 
pita idtal oimolaJilits ate obtained from columns 1/2 ancJ 
Column 7 gives the corresponding calorific values for glucos® 
fructose 

(i) Tit idtal emeljhiiis rorrtspoading to pita a tights of NaC^ 
glucose (or fructose) are obtained from columns 11/12 and 1 
The cotresponding calotific vslues for glpcose and fructos* 
given in column 14 


> hat IS meant by the expression 'molaticy' m any patiicuUt case 
In order to avoid (his confusion (he molatity and molality 
hould always be related to the aiK/iiMtu/td solute, otherwise they 
houtd be cleatly specified, for instance ‘the molality of all osmoti- 
ally active particles' 

limolariiy, osmolality 

These terms indicate respectively the molarity and molality an 
deal solution of a non-dissociating substince must possess morder 
o esert ihe same osmotic pressure as (he solution under consider- 
II ion Osmolatiry and osmolality ate not used in the physicochem- 
cal field but find considerable application in the sphere of biology 
ind medicine* As is cleat from the definition, the (real) osmo- 
!aliry IS a cjuantity capable of experimental determination It can 
ilso be calculated from the molality of the solution provided (t) Ihe 
number of molecular fragments (for « eak electtolytes ihedegrreof 
diMociation a) and (2) the correction factor (osmotic coefficient/) 
Ttom the ideal to the teal stale are know n 
If weak electrolytes are excluded, the ideal osmoblity can be 
obtained by multiplying the molality by the number of molecular 
fragments Multiplication of this by the osmotic coefficient /gives 
the (real) osmolality as defined above 
ideal osmolality V (F) 

(real) osmolality - ideal osmolality x/ -> n, v/ — AT/I 86 (•) 


wiicn u-c SvivMuu «i.vwiiii.t u iiiiAUi auiuiKJil !(/ lol Nav,' *'■'1 

500 mmol/1000 g water is 1 0893. Since 100 mmol ate to be ai^*^**! 
"Sttews. es.C bi-vCk, 

2922xl0893 - 3 l83gNaCl ‘ 

(d)lsoSimn laliuims The concentrations required to yield 


* NVTTtv, II . rir.re/,„*, Bwhm,f. Springer. Berlin, 1959, page 108 
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Aqueous Solutions - Calculation of Freezing-point Depression and 

Osmotic Pressure 


(for cxplanalton see paRcs 270-271) 


Ural 

rtceririR- 

Osmotic pressure 

oamol.tlity 

point 



(mmol/lflOOg 

depteaainn 

at O'C 

at 38 “C‘ 

water) 

(Ar»o 

(atm) 

(atm) 

1 

U) 

1 

0.019 

3 

0.22 

4 

0.26 

20 

0.037 

0.45 

0.51 

30 

0.056 

0.67 

0.77 

dO 

0.074 

0.90 

1.01 

.50 

0.093 

1.12 

1.27 

f.O 

0.112 

1.35 

1.52 

70 

0.130 

1,57 

1.78 

80 

0.149 

1.79 

2.03 

90 

0.167 

2.02 

2.28 

100 

0.186 

2.24 

2.54 

10 

0.205 

2.47 

2.79 

20 

0.223 

2.69 

3.05 

30 

0.242 

2.91 

3.30 

dO 

0.260 

3.14 

3.55 

50 

0.279 

3.36 

3.80 

60 

0.297 

3.59 

4.06 

70 

0.316 

3.81 

4.31 

80 

0.334 

4.03 

4.57 

90 

0,353 

4.26 

4.83 

200 

0.371 

4.48 

5.07 

10 

0.390 

4.71 

5.33 

20 

0.408 

4.93 

5.58 

30 

0.427 

5.16 

5.84 

do 

0.445 

5.38 

6.09 

50 

0.464 

5.60 

6.34 

60 

0.482 

5.83 

6.59 

70 

0.501 

6.05 

6.85 

80 

0.519 

6.28 

7.10 

90 

0.537 

6.50 

7.36 

300 

0.556 

6.72 

7.62 

10 

0.574 

6.95 

7.87 

20 

0.593 

7.17 

8.12 

30 

0.611 

7.40 

8.37 

do 

0.630 

7.62 

8.63 

50 

0.648 

7.84 

8.88 

60 

0.667 

8.07 

9.14 

70 

0.685 

8.29 

9.39 

80 

0.704 

8.52 

9.64 

90 

0.722 

8.74 

9.90 

dOO 

0.741 

8.97 

10.15 

10 

0.759 

9.19 

10.40 

20 

0.778 

9.41 

10.66 

30 

0.796 

9.64 

10.92 

do 

0.815 

9.86 

11.16 

50 

0.833 

10.09 

11.42 

60 

0.851 

10.31 

11.67 

70 

0.870 

10.53 

11.93 

80 

0.887 

10.76 

12.17 

90 

0.906 

10.98 

12.43 

500 

0.925 

11.21 

12.69 

10 

0.943 

11.43 

12.94 

20 

0.962 

11.66 

13.20 

30 

0.980 

11.88 

13.45 

40 

0.998 

12.10 

13.70 

SO 

1.017 

12.33 

13.95 

60 

1.035 

12.55 

14.21 

70 

1.054 

12.78 

14.47 

80 

1.072 

13.00 

14.72 

90 

1.090 

13.22 

14.97 

600 

1.109 

13.45 

15.22 

10 

1.127 

13.67 

15.48 

20 

1.146 

13.90 

15.73 

30 

1.164 

14.12 

15.99 

40 

1.182 

14.34 

16.24 

50 

1.201 

14.57 

16.49 

60 

1.219 

14.79 

16.75 

70 

1.238 

15.02 

17.00 


1.256 

15.24 

17.26 

90 

1.274 

15.47 

17.51 

700 

10 

20 

30 

40 

1.292 

1.311 

1.329 

1.347 

1.365 

15.69 

15.91 

16.14 

16.36 

16.59 

17.77 

18.01 

18.27 

18.52 

18.78 


Freezing- 

point 

depression 

(Ar°C) 

Real 

osmohlity 
(mmol/1000 g 
water) 

Osmot 

at 0°C 
(atm) 

e pressure 

at38=C 

(atm) 

s 

« 

7 

1 

0.01 

5.4 

0.12 

0.14 

02 

10.7 

0.24 

0,28 

03 

16.1 

0.36 

0.41 

04 

21.5 

0.48 

0.55 

0.05 

26.9 

0.60 

0.69 

06 

32.3 

0.72 

0.82 

07 

37.6 

0.84 

0.95 

08 

43.0 

0.97 

1.09 

09 

48.4 

1.09 

1.23 

0.10 

53.8 

1.21 

1.37 

11 

59.2 

1.33 

IJO 

12 

64.6 

1.45 

1.64 

13 

70.0 

1.57 

1.78 

14 

75.3 

1.69 

1 1.92 

0.15 

80.7 

1.81 

2.05 

16 

86.1 

1.93 

2.13 

17 

91.5 

2.05 

2.32 

18 

96.9 

2.17 

2.46 

19 

102.3 

2.29 

2.59 

0.20 

107.7 

2.41 

2.73 

21 

113.0 

2.53 

2.87 

22 

118.4 

2.65 

3.01 

23 

123.8 

2.77 

3.14 

24 

129.2 

2.89 

3.2S 

0.25 

134.6 

3.02 

3.42 

26 

140.0 

3.14 

3.56 

27 

145.4 

3.26 

3.68 

28 

150.8 

3.38 

3.82 

29 

156.2 

3.50 1 

3.96 

0.30 

161.6 

3.62 i 

4.10 

31 

167.0 

3.74 1 

4.23 

32 

172.4 

3.86 ] 

4.37 

33 

177.8 

3.98 

4.51 

4 65 

34 

183.2 

4.10 

0.35 

188.6 

4.23 ! 

4.78 

36 

194.0 

4.35 j 

4,92 

5.06 

5.20 

5.33 

37 

199.4 

4.47 1 

38 

204.8 1 

4.59 i 

39 

210.2 1 

4.71 1 

0.40 

215.5 ! 

4.84 i 

5.47 

5.61 

5.75 

5.SS 

6 02 

41 

220.9 j 

4.96 , 

42 

226,3 

5.0S 

43 

231.8 

5.20 

44 

237.2 

5.32 ! 

0.45 

242.6 : 

5.44 1 

6.16 

6.30 

6.43 

6.57 

6.71 

46 

248.0 ! 

5.56 : 

47 

253.4 i 

5.68 i 

48 

258.8 

5.80 j 

49 

264.2 1 

5.92 j 

0.50 

269.6 ; 

6.04 I 

6.65 

6.98 

7.11 

7.25 

7.39 

51 

275.0 

6.16 ; 

52 

280.4 ' 

6.28 

53 

285.8 1 

6.40 1 

54 

291.2 ; 

6.52 j 

0.55 

1 

296.7 

6,64 1 

7.53 

7.66 

7.80 

7 at 

56 

302,1 ; 

6.77 , 

57 

307.5 • 

6.89 1 

58 

59 

312.9 

318.3 J 

7.02 1 

7.14 ! 

8 07 

0.60 

323,7 ' 

7,26 

S.21 

8.35 

61 

329.2 i 

7.38 ! 

8 49 

8 62 

8.76 

62 

334.6 i 

7.49 

63 

340.0 1 

7.62 1 

64 

345.4 . 

7.74 1 

0.65 

350.6 

7.86 i 

8.90 

9.04 

66 

356.2 

7.93 

0.17 

67 1 

361.6 

8.10 

9.31 

68 ! 

367.0 

8.22 , 

9.45 

69 1 

372.5 

8.34 

0.70 ! 

377.9 

i 

8.47 

9.59 

0 72 

71 

383.3 

8 59 1 

o.«6 

72 

3SS.7 

8.71 

10 00 

73 

394.2 

8.84 

10 14 

74 

399.6 

8.96 1 



» Normal blood temperature •= ca. 38 "C - 311.15 1C 



Aqueous Solutions - Calculation of Salt and Glucose Concentrations 

(Tor eiplanaiion uc page 271) 

column! 3-S >nj 8-tO have been calculated foc the osmolalities lo cohiinn 1 read as real osmotic conceniraiions (millimoles or ) 
ic osmotic coelhcientsihave been obtained by interpotaiioa from the data of ScSTCHAtosnd Pa£NTiss.//4«(' cM<m Sot ,5S, 4} 
and Roth, U'.A Pbt ,43.539 (1903). for glucose 
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Aqueous Solutions - Conversion Factors for Electrolytes (I) 






Tl 

U 

.2 

Solubilityl 






“ 



EJocfrolyto 

■gjl 

0 

Vi 

(gramme per 


Cation 


Anion 

s 


(data for I g unlrss otherwise stated) 

.9 'n 


1000 ml water] 







0 

c 




rt ii 

:§ S 









e 





mmo 

[ cold 

hot 

mEi 

3 1 mg j 

mE 

<3 mg j 

2 


Calcium (Ca) 













1 

acetate 

C.i(C,H,0,),+ H,0 

176.19 

5.68 

436t<> 

331'"" 

11.35 

227 

Ca++ 

11.3 

5 670 

CjHA' 

17.03 

2 

3 

chloride 

Ca(C,Hj0,), + 2H,0 
C.iClj-(.2H,0 

194.20 

147.02 

5.15 

6.80 

459'’ 

isn” 

411’" 

2106'"' 

10.30 

13.60 

206 

273 

Ca*")’ 

Ca’"*' 

10.3 

13.6 

0 608 
0 482 

QHA' 

cr 

IS,<5 
20 . « 

A 

citr.ttc 

CaC(, + 6WjO 

219.08 

4.56 

1175“ 

2013’“ 

9.13 

183 

Ca+'t 

9.1 

3 324 

cr 

im 

Vi 

5 

Caj(C»HsO,)» + 4H,0 

570.51 

1.75 

8.5" 

9,6” 

10.52 

211 

Ca++ 

10,5 

2 663 

QH.or" 

6 

D'gluconatc 

Ca(C«H„0,), + H,0 

448.40 

2.23 

33" 


4.46 

89 

Ca++ 

4.4 

6, 870 

c,H„or 

6B, 

7 

lactate 

C.i(C,H,0,), + 5H,0 

308.3C 

3.2^ 

31" 

79’" 

6,49 

130 

Ca++ 

6.4 

9 578 

CjHA 

9.731 

0 

laevullnatc 

Ca(C3HA)a + 2 HjO 

306.33 

3.26 

400 


6,53 

131 

Ca++ 

6.5 

5, 752 

QH,0; 

P. 79 ; 

9 

oxide (lime)* 

CaO 

56.08 

17.83 

1,31'“< 

0.7'"d 

35.66 

715 

Ca+-*' 



10 

phosphate, dibasic 

CMP0,+ 2H,0 

172.09 

5.81 

0 . 2 “ 

0,75100 

11.62 

233 

03*+ 

11.6 

558/18 

0 Hpor/p 

11 . 62 ! 

11 

ihio^Vilphatc 

05^03+6 H :^0 

260.30 

3,84 

1000’ 

d 

7.68 

154 

Ca++ 

7.6! 

431/24) 

SA"/s 

-.65; 


Chlorine (Cl) 













12 

Ammonium chloride 

NH.CI 

53.49 

18,69 

294" 

773'"" 

18.69 

337 

NH+ 

18.6! 

663 

cr 

3735 ; 

13 

Hydrochloric acid 
(lO". solution) 










-■i'i 

5.Tt; 




1 R 

(0,1 E HCI) 

36.46 

2.74 

00 

00 

2.74 

2.8 

H+ 

2.74 

97.2 

cr 


t ml 

(0.1047 E HCI) 

36.46 

2.87 

CO 

CO 

2.87 

2.9 

H* 

2.87 

101.! 

cr 


Sec also Calcium (3, 4) 

Magnesium (14, IS), 













Pot-iJsium (22) and Sodium (35) 













Magnesium (Mg) 












3130' 

14 

cWotidc 

MbCI, 

95.21 

10.50 

542.5’“ 

727100 

21,00 

255 

Mg+* 

21.0 

745 

cr 

15 


MbCIj + 6 HjO 

203.30 

4,92 

1127" 

1559'"" 

9.84 

120 

Hg++ 

9.84 

349 

cr 

li.TSj 

16 

hydroxide 

Me(oh), 

58.32 

17.14 

0.009‘« 

0.04'““ 

34.29 

417 

Mg++ 




; 

17 

oxide (magnesia)* 

MbO 

40.30 

24.80 

0.0062 

0.086’" 

49.60 

603 

Mg++ 



soris 

Hi! 

! 

10 

sulphate (Epsom salts) 

MeS04 + 7H,0 

246.47 

4.06 

483'" 

641'" 

8,11 

98.6 

Mg++ 

8.11 

390/130 


Phosphorus (P) 














Sec Oilcium (10), Potassium (26, 27) and Sodium 













(30, 31, 40-42) 














Potassium (K) 











QHjOr 


19 

acetate 

K(C,H,0,) 

98.15 

10.19 

2530’" 

4920*’ 

10.19 

398 

K+ 

10.19 

602 

IP'S 

Id!! 

IPS!,: 

’)! 

20 

bicarbonate 

KHCO, 

100.12 

9,99 

183" 

375«" 

9.99 

391 

K+ 

9.99 

609 

HCOi 

21 

bromide 

KBr 

119.01 

8.40 

535" 

1040'"" 

8.40 

329 

K* 

8.40 

671 

Br 

22 

chloride 

KCI 

74.56 

13.41 

276" 

567'"“ 

13.41 

524 

K+ 

13.41 

476 

Ci 

23 

citrate 

K,(C.H,0,)+H,0 

324.42 

3.08 

1670" 

1997" 

9.25 

362 

K+ 

9.25 

583 

CjrijO, 


24 

D-gluconatc 

K(C.H„0,) 

234.25 

4.27 



4.27 

167 

K+ 

4.27 

833 

CjHiA 


25 

oxide* 

K ,0 

94.20 

10.62 

d 

d 

21.23 

830 






26 

phosphate, monobasic 

KHjPO. 

136.09 

7.35 

330” 

V.S. ( 

7.35 

7.35 

287 

7.4 

K* t 
H* / 

14,70 

705/228 

HPor/p 


27 

phosphate, dibasic 

KjHPO. 

174.18 

5.74 

1670’" 

V.S. 

11.48 

449 

K+ 

11.48 

551/178 

HPor/p 



Sodium (Na) 













28 


Na(Q,H 30 J + 3H,0 

136,08 

7.35 

602" 

2306'" 

7.35 

169 

Na+ 

7.35 

434 

Cji . 

H(CeHA) ^ 

I.« 

29 

acid citrate 

NasH(C,H 50 ,) + 

263,11 

3.80 

V.S. 

V.S. 

7.60 

175 

Na+ 

7.60 

723 


I'/aHjO 




/ 

7.60 

175 

Na +1 

11.4 

719 

c.H,or ' 








) 

3.80 

3.83 

H* 


30 

acid phosphate 

NaHjPO.+ HjO 

137.99 

7.25 

599" 

1824’"! 

7.25 

7.25 

167 

7.3 

Na+ \ 

H* I 

14.49 

696/224 

HPor/P ^ 


31 


NaHjPO. + ZHjO 

156.01 

6,41 

753" 

1797'"! 

6.41 

6.41 

147 

6.5 

Na+ \ 
H* / 

12.82 

615/199 

riporff ' 
C,HAN' . 
dco; ' 

J 

i’. 

32 

aminosalicylate 

Na(C,H 503 N) + 2 Hj 0 

211.15 

4.74 



4.74 

109 

Na+ 

4.74 

720 


33 


NaHCOj 

84.01 

11.90 

69" 

164‘" 

1.90 

274 

Na+ 

1.90 

726 

P 

34 


NaBr 

102.89 

9.72 

542'" 

548'"" 

9.72 

223 

Na*- 

9.72 

777 


35 

chloride (common salt) 

NaCI 

58.44 

17.11 

357" 

393100 

7.11 

393 

Na* 

7.11 

607 

fj 

36 

citrate 

Na 3 (CsH 50 ,) + 2 Hj 0 

294.10 

3.40 

720“ 

1670'"" 1 

0.19 

235 

Na+ 

0.19 

64J ^ 


37 

Na,(C,H,0,) + 

357.16 

2.80 

5)26” 

2500'"" 

8.40 

193 

Na* 

8.40 

529 


38 


S'/s HjO 

NaCCjHjOj) 

112.06 

8.92 

V.S. 


8.92 

205 

Na* 

8.92 

795 



39 

40 

41 

oxide* 

phosphate 

Nap 

NajHPO, 

Na^HPO. + THjO 

61.98 

141.96 

177.99 

16.13 

7.04 

5.62 

i 

006” 

d 3 

1022'"" 1 
129000 1 

2.26 

4.09 

1.24 

742 

524 

258 

Na* 
Na* 1 
Na* 1 

4.09 

1.24 

676/218 !■ 
539/174 f- 

IPO."/^ 11 

ipor/p 

ipor/p 

Xl'P/s 

Ot 1 ^ c 

aOj 1^ 

li 

55 

42 

43 

44 

45 

46 


NajHPO. + IZHjO 

358.14 

2.79 

2 . 1 " 

525’“ 

5.58 

28 

Na* 

5.58 2 

6vi/S6.5 i 


salicylate 

sulphate (anhydrous) 
sulphate (Glauber’s salt) 
thiosulphate 

NaCCjHjOj) 

NajSO. 

NajSO. + IOHjO 
NajSjOj 

160.11 

142,04 

322.19 

158.11 

6.25 

7.04 

3.10 

6.32 

110 " 

88<" 

13" 

25" 

1250” 
425'"" t 
925’” 
2660'"" 1 

6.25 

4.03 

6.21 

2.65 

44 

24 

43 

>91 

Na* 

Na* 1 
Na* 

Na* 1 

6.25 

4.08 

6.21 

2.65 

856 0 

576/226 5 
J9S/100 S 
?09/406 S 

]; 1 
r- i 

, r 


Sulphur (S) 














Sec Calcium (1 1 ), Magnesium (1 8) and Sodium 









1 

_u 



(44-46) 

1 









j 



t The index figures arc the temperatures in °C; v.s. = vcr>- soluble; 
d « decomposes. 

r-i^eSrha^riTeentSd In v^rnfreontinuing use of the older 

. . 1 


** The sodium content of 1 g sodium bicarbonate 
1 .33g sodium lactate. The sodium content of 1 g sodium 
to that of 0.75 g sodium bicarbonate. 



Aqueous Solutions - Conversion Factors for Electrolytes (11) 



Electrolyte 

(dau Tot 10 moim of (olute * 
unlcat oihemse ttated) 

Ursdnaociatcd 

acdute 

atiocs 


K 

finml 


mg 


mCq 



Utclum (Ca) 











Cal'C.H,0,),+ H,0 

0S87 

3<i 

6S 

134 

C»** 

6h 




Ca(C,H.0J, + 2H,0 

0«4T 

3U 

6S 

134 

Ca** 

6W 





0490 

3U 

6S 

134 


6V1 





0 730 

3» 

6H 

134 

Ca** 

63. 





1141 

2 

12 

240 

Ca** 

12 




Ca(C.H..O,).+ H,0 

1495 

3'a 

61i 

134 

Ca** 

6'i 





102s 

3)s 

6h 

134 


6% 




Ca(c!H!0,),+ 2H,0 

1021 

3H 

6S 

134 

Ca** 

6H 



phosphate, dibasic 

CaHPO.+ 2H.O 

0060 


10 






ihiosulphaie 

CiS.O. + 6H,0 

1302 

5 

10 

200 

Ca** 

10 



Chlorine (a) 










Ammoi^ium chloride 

NH.C1 

0 267 

S 

S 

90 





Itjrdrochloncacid 





















(01bHC7«) 










(0 1047 1 HCt/ml) 


5 







See alM Calcium (2. 4). hfagncsium <14, IS), Pocas- 









iium (22) and Sodium (IS) 










Magnealum (Mg) 









14 


MgCI, 

0 317 

3!i 

6*i 

01 

Mg** 

6‘> 





0670 

31> 

6K 






aulphice 

mJs<5,+7h.o 

1232 

S 

10 

122 

Mg** 

10 



Phoaphor\ja(P) 










Sea Calcium (tO), Potassiu 

n (24. 27) *hd Sodium 









(20.21.40-42) 










Poiaaalum (X) 









11 

•rplt.a 

K(C,H,OJ 

0 491 

S 


196 


s 

21 


KHCO, 

OSOl 

$ 


196 

<• 

5 

21 


K6f 

0$9S 

S 




S 

r. 









2: 


K.(C.H.0,)+M,O 

0011 

2'i 



iK* 

7't 1 

2' 

D<|1ueoiute 

«:(C.H„0,) 

1 in 

$ 


196 


5 1 


phoephaie, monobasic 

KH,POa 

0 454 

3'a 

3 ‘a 

130 

K* 

6S 

27 

j phoiphsre, dibaiie 

K,HfO. 

OSOl 

2). 

6h 

261 

K* 

... 1 


1 Sodium (Na) 


; 








Na(C.H,0,) + JH,0 

0 600 

S 








rJj.H(C.H,0,) + 

, 06SO 

2'a 








I54H1O 








20 1 acid phofpbaic 

NjH,P04+ H.O 

0460 

3'. 

3'a 

77 








3’a 

77 

Na* 

6*1 


22 [ aminoulicylJK 

Ni(C,H.O,N) + 2H,0 

1016 







22 ' bicaibonacc 


' 0 420 







24 tmmidc 

NaBr 

0 514 






2S 1 chlocide 








24 ^ cicraie 

Na.(C.H,0,)*2H,0 

. 0735 

2'i 



Ml* 





’ 0 093 

2'i 

7>, 






Na(C,H,OJ 

0 560 

, 






40 fhoaphiw 

Na,MPO. 

' 0 473 

1 3', 

6S 

153 

Ml* 

6*1 




Nj,HPO. + 2H^ 

1 0 593 

1 *'• 

6S 

152 

Ni* 

6*1 


42 

Na,HPO.+ 12H,0 

1 194 

1 3S 

4S 

152 

Na* 

6S 


42 ulicyUie 

Ni(C,H,0,) 

0 001 

1 h 


IIS 

Na* 
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Aqueous Solutions - Conversion Factors for Electrolytes (III) 


'"“fEan'c ‘ons. Required: eorresponding weight of the salt. 
Rl!,ht-harJ (tlunn. Given; imllicquivnIenM of the ions. Required; corresponding weight of the salt. 


Inoronnic Ions 


*1.396 R 
*1.845 R 
3.668 R 
5.466 R 
4.745 R 
11.188R 
7.692 R 
7.643 R 
4.294 R 
6.495 R 


.90 ml-.q Cfltclum (Cn+^) corresponds to 
Cfllcuim 
Olcium 
Colclum 
Calcium 
Gilclum 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 


I acciaic 

1 acetate dihydratc 
I chloride 

t chloride hcxahy(lr.itc 
I citrate 
I r)‘Rluconaic 
I lactate 
\ laevulinate 
) phosphate, dibasic 
\ thiosulphate 


Ca(C3H,03)j+H,0 

Ca(CaH30,),4*2Hj0 

CiCla*f2HjO 

CaC!, + 6 HaO 
Ca,(C,H 30 ,)» + 4H,0 
Ca(C6H„O0a+H,O 
Ci)(C3Ha0,)a + SH,0 
Ca(CaH,0,), + 2Ha0 
CaHP 04 + 2H30 
CaSaOj+6HaO 


t n Carbon dioxide (CO,) corresponds to 1.38? g - 22.72 mHq 
bicarbonate ions (/ICOf) 

1 voKi Carbon dioxide (CO,) at 0 °C and 760 mm Hg corresponds to 
27.41 mg/I *-• 0.449 mliq/1 bicarbonate ions (HCO^)* 


1 R-^ 28,21 niKq Chtoridc (Cl") corresponds to 
1.509 R Ammonium chloride NH4CI 

2..Q73 R Cftki\im cWotldt CaCij + lHaO 

3.090 R Calcium chloride hexahydrate CaCI, + 6 HjO 
10.28 R or 9.823 ml Hydrochloric acid 10% 

1.343 R Magnesium chloride MgCI, 

2.867 g Magnesium chloride hexahydrate MgCl, + 6 H^O 
2.103 g Votnssium chloride KCI 

1.648 g Sodium chloride NaCl 


1 R*- 82,3 mEq Magnesium (Mg++) corresponds to 
3.917 g Magnesium chloride ^gC), 

8.364 g Magnesium chloride hexahydrate MgCI, + 6 H,0 
10.138 g Magnesium sulphate MgSO^ + THaO 


1 R Phospliofus (P) corresponds to 
5.556 g Calcium phosphate, dibasic 
4.394 g Potassium phosphate, monobasic 
5.624 g Potassium phosphate, dibasic 
4.455 g Sodium acid phosphate 
•5,037 g Sodium acid phosphate dihydratc 
4.583 g Sodium phosphate 
5.746 g Sodium phosphate dihydratc 
11.563 g Sodium phosphate dodecahydrate 


CaHP04+2HaO 

^H,P04 

KaHP04 

NaH,P04*f HP 
NaHaP04 + 2HP 
Na,HP04 
Na,HP04 + 2Ha0 
Na,HP 04 *f 12 Hp 


1 g - 25.57 iriEq Potassium (K+) corresponds to 


2.510 g Potassium acetate 
2.560 g Potassium bicarbonate 
3.044 g Potassium bromide 
1.907 g Potassium chloride 
2.766 g Potassium citrate 
5.991 g Potassium D*giuconatc 
3.480 g Potassium phosphate, monobasic 
2.227 g Potassium phosphate, dibasic 


K(C,H30,) 

KHCO, 

KBr 

KCI 

K,(C,H,0,)+H20 

K(C,H„0,) 

KH,P04 

K2HPO4 


.50 mEq Sodium (Na-*^) corresponds to 


Ig=43. 

5.919 g Sodium acetate 

5.722 g Sodium acid citrate 

6.002 g Sodium acid phosphate 

6.786 g Sodium acid phosphate dihydratc 

9.185 g Sodium aminosalic>'la(c 

3.654 g Sodium bicarbonate 

2.542 g Sodium chloride 

4.264 g Sodium citrate 

5.178 g Sodium citrate 

4.874 g Sodium lactate 

3.087 g Sodium phosphate 

3.781 g Sodium phosphate dihydratc 

7.789 g Sodium phosphate dodecahydrate 

6.964 g Sodium saliqrlatc 

3.089 g Sodium sulphate (anhydrous) 

7.007 g Sodium sulphate 

3.439 g Sodium thiosulphate 


Na(QH302) + 3H,0 

Na2H(QH507)+156H20 

NaH,P04+ H2O 

NaHaP04 + 2H20 

Na(C7H40aN) + 2H,0 

NaHCOa 

NaCI 

Na3(C6H50x) + 2H,0 
Na3(QH,0,) + 5y2H,0 
NaCQH^O,) 

NaaHP04 
NaaHP04 + 2Hj0 
Na,HP04 + 12H20 
NaCC.HjOo) 

Na,S04 

NaaSO4 + 10H2O 

NajSaOa 


1 mEq«» 20.04 mg Calcium (Ca'^+) corresponds to 

88.09 mg Calcium acetate CaCCaHjO,}, - 

97.10 mg Calcium acetate dihydratc CafcjHaO,),- 

73.51 mg Calcium chloride CaCl, + 2 HjC 

109.54 mg Calcium chloride hexahydrate CaCf, + 6 H,C 
95.08 mg Calcium citrate Ca3(C6H307),- 

224.20 mg Calcium o-gluconatc Ca{C6H„0,V 

154.15 mg Oldum lactate CaCCaHjOai-i 

153,17 mg Calcium laevulinate Ca(C5H703)j4 

86.05 mg Calcium phosphate, dibasic CaHP04+2H 

130.15 mg Calcium thiosulphate CaS203 + 6H2t 


1 mEq - 61,02 mg Bicarbonate ions (HCOJ) corresponds tt 
44.01 mg carbon dioxide (CO,) 

1 mEq/1 « 61.02 mg/I Bicarbonate ions (HCOf) correspond 
0 °C and 760 mm Hg to 2.23 voI% carbon dioxide (CO,)* 


1 mEq •• 35.453 mg Chloride (Cl") corresponds to 
53.49 mg Ammonium chloride NH4CI 

73.5\ mg Calcium tWoijdc CaOj 4- 2 H3O 

109.55 mg Calcium chloride hexahydrate CaClad- SHjO 
364.6 mg or 348.24 jil Hydrochloric acid 10% 

47.61 mg Magnesium chloride MgClj 

101.66 mg Magnesium chloride hexahydrate MgCl2 + 6H20 
74.56 mg Potassium chloride KCI 

58.44 mg Sodium chloride NaCI 


1 mEq 12.15 mg Magnesium (Mgf^) corresponds to 
47.61 mg Magnesium chloride MgCi, 

101.65 mg Magnesium chloride hexahydrate MgClj + 6 H2O 
123.24 mg Magnesium sulphate NgS04 + 7 14,0 


At pH 4.3 1 g Phosphorus (P) corresponds to 32.28 jnEq 

ions, and 1 mEq H2pOr ions corresponds to 30.97 mi 
phosphorus (with only a small error these figures can be used f 
At pH 9.6 1 g Phosphorus (P) corresponds to 64.57 mEq 
HPOr" ions, and 1 m£q HPOf” ions corresponds to 15.49 m 
phosphorus. 

At pH 7.4 and 38 ®C 1 g Phosphorus corresponds to 58.1 mEq r 
ions, and 1 mEq Phosphate ions corresponds to 17.2 mg phospl 
20% HjPOr ions and ca. 80% HPO,”" ions). 


1 g Sulphur (S) corresponds 10 
4.059 g Calcium thiosulphate 
7.687 g Magnesium sulphate 
4.430 g Sodium sulphate (anhydrous) 
10.048 g Sodium sulphate 
2.465 g Sodium thiosulphate 


CaS20, + 6H20 
MBSO4 + 7H2O 
Na^SO^ 

NaaSO4 + 10H2O 

NaaSaOj 


1 mEq SB 39,10 mg Potassium (K+) corresponds to 
98.15 mg Potassium acetate K(C5H202) 

100.12 mg Potassium bicarbonate KHCOj 

119.01 mg Potassium bromide KBr 

74.56 mg Potassium chloride KCI 

108.14 mg Potassium citrate K3(C6H507)+ HaC 

234.25 mg Potassium D-gluconatc K(C6H|,07) 

136.09 mg Potassium phosphate, monobasic KHaP04 
87.09 mg Potassium phosphate, dibasic K2HPO4 


1 m£q =s 22.99 mg Sodium (Na+) corresponds to 
136,08 mg Sodium acetate Na(C2H302) + 3 ij 

131.56 mg Sodium acid citrate Na2H(CcH307) + 

137,99 mg Sodium acid phosphate 

156.01 mg Sodium acid phosphate dihydratc NaH2p04 4“ 2 Hi 
211.15 mg Sodium aminosalicjdatc Na(C7Ha03N} + 

84.01 mg Sodium bicarbonate NaHCOj 

58.44 mg Sodium chloride NaCI ^ 

98.03 mg Sodium citrate NajCC^HsOr) 4- 

119.05 mg Sodium citrate Na3(C6H30T) + ^ • 

112.06 mg Sodium lactate Na(C3l^03) 

70.98 mg Sodium phosphate Na2HP04 

88.99 mg Sodium phosphate dihydratc Na2HP04 4* ^ ^ ^ 

179.07 mg Sodium phosphate dodecahydrate * 

160,11 mg Sodium salicylate Na(C7H303) 

71.02 mg Sodium sulphate (anhydrous) Na3S04 . p 

161,10 mg Sodium sulphate NajS^^+l^ 2 

79.05 mg Sodium thiosulphate Na25203 


1 g Sulphur (S) corresponds to 62.37 mEq SO| ions and 1 
ions corresponds to 16.03 mg sulphur. 

At pH 7.4 and 38 '’C and with an albumin/globuUn wno 
scrum proteins corresponds to 0.241 basic mEq of lonirc - ^ ^ 
tcins, and 1 mEq of ionized scrum proteins corresponds 
scrum proteins ^ 


* The conversion factors (0.449 and 2.23) given here for vol« CO, into 
mmol CO I) and mEqCO,|l(btcatbot\ate-COi) are derived from the molar 
T me of this 03^(22.257 1 at 0 “C and 760 mm Hg). The conversion factor 
r24 ?ftcn usXSl iLraturc is mistakenly based on the molar vol- 


ume of ideal gases (22.414 1). Tor practical purposes the difference Ht 
these two factors is ncgfigiblc. 

f From VAV Slyke ct a\,yJ.hhLChcr3.^ 79, 768 (1928). 
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Vmmonu 

Vimnoniam chloiiJe . 
Ammonium h)droiiJe . 


Biriumotboaiie . 
Bjnum cblMiJe 
Barium bj^roxiJe 


OTcjum carborutc 
Ole lum chloride 
Olcium chloride he 
Olcium hydroxide 
Okium oxide 
Orhon dioxide 


Mydriodic «ei4 
Hydrahtemietcid 
iliOcechlorie icid 
Xydrociime iciJ 


C,II.O. . 

NH, . ... 
NH,a . 
Ni!,OII . 
Nil«NO, . . . 
Vt(NII.%SO. . 
NH,CNS 


ViOCO, 

V,aa. 

V,|oa,+6H^j 

V, 0(011), 

'/,c»o 

v.cc^ 

‘/.a. 

‘/ac,it,o,+noi 

V.CoO 

V,IC«SO, + 5U.O| 


Magnetiam eirboniic 
Mrgneiium chloride 
Migneiiufl) (htoriJe heuhy^nre 
Mignetium oxide 
Milie Kid 
MangincK lulphiie 

Mercuric chlonJe (cerretive •ublimaie) 


•/.MgCO. 

V.MgCI, 

'/.MgO 

V,C.H.O, 

•/, Mn$0. 
V.HgCh 


V,K,Cr,0, 

KOII 

V.K.O 

VxKMoO, 

VeKMnO. 

V,C.H.O.K, 

V,|K>l.(qoj. a- 211.01 

AgNO, 

NxHCO, 

V.Kx,CO, 

N«a 

N«OH 

V,>Jx,o 

V,[Na,{lI>0«-t- 211.01 
V,|N».P0i + 12ll,0] 
V,N,,S 
•/,N.,B.O. 

•/,c.u.o, 

■/,U.SO, 



278 


pH Standards 


Dcfmiiions of pH scales '•* 

A . Dincciaticn censtant cf s aUr 

The relationship bciwccn the concentrations of hydrogen ions* 
and hydroxyl ions in an aqueous medium is fixed by the dissocia- 
tion cquHibrium of VMter: 

HjO -j. I" 

If f'olutcs ntc present in such small concentrations that the activity 
of water is practically unity**, the ion product constant*** of 
water IS given by 

A\v (Ij, Ooi! Wit Yii non Yon ft) 

where a ionic activity, y => activity coefficient, m = molality. 

The dissociation of pure water is extremely small*** .and if no so- 
lutes arc present 


the c.m.f. of which (E) is compared with that (S') of a sim' 
containing a solution*^ of <■„ « 1 in place of the solution' 
this purpose the hydrogen electrode could be replaced 1 
other electrode responsive to H* ions (a quinhydronc o; 
electrode for instance). Other reference electrodes could lil 
be used in place of the calomel electrode. It is necessary onl 
the comparison be made under the same conditions, such a 
stancy of temperature. According to Sore.\-se.m, the’ pH va 
the solution -Y is given by 

pHc - 

P SoRBcsEt yjrinlO 

where F is the Faradav constant, R the molar gas constant, 
absolute temperature, and InlO = 2.30259. Values oCiRTh'. 
at various temperatures arc given on the opposite page. 


Yn You =« 1 (3) 

Since the value of AV at 25 ‘C is 1.008 x 10->‘ it follows that for 
pure svatcr 

rv„ = wott ■-’ TaV 1 X 10-’ (4) 

In water the molarity c of the ions is practically identical with the 
molality rt (see page 271), so that for pure water 

'•uSYWnSc;! X 10-’ (5) 

In aqueous solutions the solutes may give rise to additional H* 
ions (dissociation of acids, hydrolysis of salts, etc.), with the result 
that the equilibrium (1) is displaced and the concentration of OH' 
ions reduced. In the same way additional OH~ ions cause a de- 
crease in the concentration of H+ ions, so that r n 1 x 10-’. In 
the former ease the solution is said to lie 'acid’, in the fatter ‘alka- 
line’. Since the ion product constant Ky,- is markedly temperature- 
dependent the same applies to the neutral point of Cn, the value of 
which at 0 'C is 1 x 10-’-‘, at 60 X I x 10-‘ ‘. 

Temperature dependence of the ion product constant of water 

:aw)^ 


C. Tit conventional pH scale 

It is now known that the c.m.f. of the cell (7) is depcndcc; 
only on the concentration of H+ ions but also on their actirla 
the activity of the Cl" ions, and on the transference numbeno! 
ions (variation of the diffusion potential with ionic concentrss 
For this reason comparison is no longer made with a refc: 
solution whose cn value is assumed to be unity but with a sea; 
solution S whose pH value (pH 5) is fixed by convention. Tht 
value of the solution X is then defined conventionally as 


pH;^. = 

ATlnlO 


-hpHs 


In the United Kingdom* and Japan® the primary standtrii 
lution is 1/20-molar potassium hydrogen phthalate, while at 
USA® five standard solutions arc in ttse (all these staadircse 
the same conventions). The five US standard solutions b 
assigned pH® values between 3.5 and 9.5. This allows ofenf- 
native definition of pH through comparison of the solution. 1 v- 
two standards S and S’, when pH.y is obtained from the fol'ova 
formula: 


'C 

X 10“ 

-log A'„ 

«c 

A'w X 10“ 

-log A'„ 

0 

0.1139 

14.943 

35 

2.089 

13.680 

5 

0.1846 

14.734 

40 

2.919 

13.535 

10 

0.2920 

14.535 

45 

4.018 

13.396 

15 

0.4505 

14.346 

50 

5.474 

13.262 

20 

0.6809 

14.167 

55 

7.297 

13.137 

25 

1.008 

13.996 

60 

9.614 

13.017 

30 

1.469 

13.833 





I. The Sorensen pH scale 

Sorensen was the first to realize the importance of hydrogen 
on concentration in biochemical processes, and he devised colori- 
nctric and potcntiometric methods of measuring quantities which 
■ in the light of the thermodynamic concepts of the time (1909) - 
cere considered as strictly equal to the molarity of the hydrogen 
on. At the same time he introduced the abbreviation now written 
spH: 

pH = - log, of II («) 

As the actual means of measuring pH, Sorensen chose the cell 
Ft; H„ Solution A" j j 0.1-N Calomel electrode (7) 


* For the sake of simplicity the expressions hydrogen ion and hydroxyl ion 
■c here used, although these ions never occur in the free state but only 
isociated vith ■vratcr molecules (mainly in the form of and 

** The activity of vratcr in an aqueous solution is vhcrc p and p° 
■c the pressures of water vapour in equilibrium respectively with the solution 
id with pure water at the temperature in question, provided that p and p® 
•c so small that water vapour can be considered an ideal gas^. 

• * * The dissociation constant of water, rarely to be found in the literature, 
given by Aw/wH,or value of r?irrO being 55.51. 

^ The KCI solution is usually contained in a tube connecting the two halves 
' the cell and prevented from mixing with the other two solutions by means 
'agar plugs. Diffusion potentials arise at the two liquid junctions but these 
c*of opposite sign and almost equal because ofthe similar transference num- 
•rs of the K* and O’* ions. Sorensen originally attempted to measure E 
r various concentrations of the KCI bridge and to extrapolate to a rcro 
ffusion potential. Under the present convention, the KCI bridge must h-irc 
* .. 7^-,. a e.NJ KTI IS maintained con- 


pH.v - pH^ 

pHj- - pHs 


B-Es 

E^-Es 


This procedure is especially recommended when the H‘ : 
responsive electrode is .i gl.iss electrode. Differences in retr- 
vaiucs of pH obtained by the use of different standard sc."- 
arc too small to be of practical significance. 

Values of pH on the Sorensen and conventional scales d 
a constant amount as follows^: 

= PHSORENSEN + O-O'* 

D. Thermodynamic interpretation of the eonnnticnai pH scale 

It is dear from the above that there exists no detinite 
ship between the conventional pH scale and any true i-^ 
dynamic measurement of the acidity of a solution such « f 
molality (wn). Tliis scale meets all practical needs, hoaV '.^ 
that there is little value in introducing more compUcitcd p', 
of measurement for the sake of thermodj-namic pri.aop’-'^-.' 
difficulty lies in the fact that while only the product YA'J;.' 
activity coefficients of the cation and anion has any ckstt - 
dynamic meaning, this is a quantity which cannot be f 
means of arrangements like the cell (7). The difficulty b' 
overcome by defining the activity of the chloride ion by 


log Yci = - ■ 


1 +5’ IT 


where A is the Debye-Huckel constant’ = 1.S2 n 
( e= dielectric constant of the solution), B' a constant 
on the finite size of the ion, and / the ionic strength (not a - | 
0.1) defined as l»St.v, for all the ionic species 
basis of this equation it can be assumed th.at for solutie-^ j. j 
ionic strength less than 0.1 and pH values between 2 s®” " | 

pH = - log (ct„ Yn) = - log a, I \ 
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es of (.RT lnlO)/F from 0* to 100 ‘C* » 


•c 

RTMOIF 

•c 

RTlaiHIF 

0 

0 054197 

50 

0 064118 

5 

0 055189 

55 

0 06S110 

10 

0056181 

60 

0 066102 

15 

0 057173 

65 

0 067094 

20 

0 058165 

70 

0 068086 

25 

0 059157 

75 

0 069078 

30 

0 060149 

80 

0 070070 

35 

0061141 

85 

0 071062 

38 

0 061737 

90 

0 072054 

40 

0 062133 

95 

0 073046 

45 

0 063126 

100 

0 074038 


InW A - > 51*5 J mol-' F *31 1» C mol-* , 

■.•C + 275t5. 


Talucs of tundatd lolutiona «t 2S *C on difftrent 
waits* 



^ J 

Solution 

lliTCMcoee 

and 

Taxco*. j 

Mtetwnii 

1 

Nation^ 

Scaodadls 

atatsmm bitartrate, ! 

0 Oi'ittoUr ... . j 

3 567 


1 

3 569 

Dtaitmm biphthatate, I 

0 05-molat 

1 4 010 

4000 ■ 

4008 

ntie acid 0 l>niolar, ! 

Sodmtn seecate 0 1 -molar. ' 

4.645 

' 4 640 

4 652 ! 

0 035-moIar, 
Nalt.PO. 0 025-inoljr 

[ 6.855 

1 

1 ' 

6 865 

odium tetraborate deca- 
hydtate 0 05-molat (boras) 

j 9 180 

1 - 

9196 



pll values of secondary British standards * 


Soluiion 

12 'C 

25 ‘C 

38 ‘c 

Potassium tetroaalate 0 1-molar . 

- 

1 48 

1.50 

HO 0 01 -molar, KCl 0 09-molar . 

- 

2 07 

2.08 

Acetic add 0 1-moIar, 

Sodium acetate 0 1-molar .... 

4 65 

4 64 

4 65 

Acetic acid OOl-molar, 

Sodium acetate 001-moIar .... 

471 

4 70 

4 72 

KII,PO,002S-mo!ar, 

MaiHPOt 0 025-molar 

_ 

6 85 

6 84 

Sodium tetraborate decabydrace 
(borax) 0 OS-molar 


918 

9 07 

NaHCO,0025-fflolar, 

NaiCOa 0 025-moIar 


1000 

- 


Approximate pH values of common reagent solutions at or 
near room temperature * 


Solution 

Molarity 

pH 

Ammonia 

01 

11.3 

Ammonium cblcnde 

01 

46 

Ammonium dih;drogen phosphate . 

01 

40 

Ammonium oialate 

01 

64 

Ammonium sulphate 

01 

55 

Daibital sodium 

01 

94 

Benioie acid 

saturated 

28 

Bone acid . . . , 

01 

53 

Calcium hydroxide . . . , 

sanitated 

12 4 

Cittic acid . 

01 

21 

Diammonium hydrogen photphate 

01 

7.9 

Disodium hydrogen phosphate 

01 

92 

Hydtoehloric schI ■ . 

01 

1,1 

Oxalic acid . . 

01 


Potassium acetate . , 

01 


Potassium aluminium sulphate . . . 

01 

42 

Potassium bicarbonate . . . 

01 


Potassium carbonate . . 

01 


Potassium dihydrogen phosphate . 

01 

45 

Salicylic acid 

saturated 


Sodium arciate 

01 

89 - 

Sodium benzoate. 

01 


Sodium bicarbonate 

01 


Sodium Usulphate 

03 


Sodium carhorute 

01 


Sodium dihydrt^en phosphate . . 

0 I 


Sodium hydroxide 

01 


Sodium tetraborate decahydrate 

01 


Succuuc acid ..... . . 



Tartaric and 


2d) 

TnchloracetK acid 

01 

12 


R 
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Buffer Sofufions* 


IhifTcr solutions (or bufTcrr.) nrc solutions whose pH value is to 
n Urp.e tlc}>rcc insensitive to the addition of other substances. It 
IS important to realize, however, that the pH value of a buffer 
solution does not cbanf-c only when acids or bases arc added or 
on dilution but also when the temperature changes orncutol salts 
arc added. In accurate work therefore, it is important to check the 
pH value clectromctrically after all the ingredients have been 
ntldcd. The extent to which the pM values of Imffcr solutions vary 
when acids or bases arc added or the temperature changes is shown 
in the tables which follow. In general, dilution to half the concen- 
tration changes the pll value by only some hundredths of a unit 
(Ihiifcr No. I in the table is an exception in that the ch.ingc 
amounts toca. pH O.IS), ‘addition ofO. 1-molar neutral saltsolution 
may ctiangc the pH value by ca. 0.1. 

In the table opposite the solutions arc classified into genct.il buff- 
ers (mostly in use for the last SO yc.irs), universal buffers with a low 
buffering capacity hut a wide pH range, and buffers for biological 

* 'lliis section (pages 280-282) has been compiled by F. Koiileh, Depatt- 
iTienl of riiysica! Chemfstrj', University of Vienna. 


media with a moderate pH range but containing stable ingred; 
(phosphate .ind borate, for example, often undergo side react 
with biological media). An important property is often the tr 
patency to ultraviolet light. Occasionally it is desirable to ha 
volatile buffcrwhich can be readily removed ' (examples SKba 
Nos. 20 and 21) but the use of very volatile systems makes a c 
control of the pH essential. Most of the pH date to be found ia 
literature relate to the Sorensen scale, and it should be noted i 
the values given in the following table of buffers are on thee 
vcntional pH scale (cf. 'pH Standards’, page 278), 

Both stock and buffer solutions should be made up with disti 
water free of COi. Only standard reagents should be used. If th 
is any doubt as to the purity or water content of solutions th 
molarity must be checked by titration. The amounts x of stc 
solutions required to make up a buffer solution of the desired j 
value arc given in the table on page 282. 

Reference 

t For a list of volatile buffers see MrcHL, H., in HzmixsN, E. (Ed ), O 
mategraphy, part 1, Reinhold, New York, 1961, page 250. 


No. Name 

pH range 

Temperature 

pH change per ’C 

General buffers 



1 KCI/HCI (Clark and Buns) ' 

1.0- 2.2 

Room 

0 

1 Glycinc/HCl (Sorensen)^ 

1.2- 3.4 

Room 

0 

3 Na citratc/HCl (Sorensen)^ 

1.2- 5.0 

Room 

0 

4 K bvpVithRUtc/HCl (Clark and Luns) ' i 

2.4- 4.0 

20 °C 

+ 0.001 

5 K biphthalatc/NaOH (Clark and Lons) ' 

4.2- 6.2 

20 °C 


« Na citratc/NaOH (Sorensen) ^ 

5.2- 6.6 

j 20 °C 

+ 0.004 

7 Phosphate (Sorensen) 2 

5.0- 8.0 

! 20 °C 

-0.003 

0 Barbit.il-Na/HCl (Michaelis)^ 

7.0- 9,0 

18 °C 


9 Na boratc/HCI (Sorensen)^ 

7.8- 9.2 

20 “C 

-0.005 

10 Glycinc/NaOH (Sorensen) = 

8.6-12.8 

20 "C 

-0.025 

11 Na botate/NaOH (Sorensen)^ 

9.4-10.6 

20 °C 

-O.Ol 


Universal buffers 


12 

1 Citric acid/phosphatc (McIlvaine) 

1 2.2- 7.8 

1 21 °C 

13 

1 Citratc-phosphate-borate/HCI (Teorell and 

1 ' 

2.0-12.0 

20 °C 

14 

1 Britton-Robinson® 

1 1 

1 2.6-H.8 j 

1 25 "C 


Acetate (Walpole) r -3 

Dimethylglutaric acid/NaOH 
Piperazinc/HCl " . 


Tctracthylcthylenediaminc* ' 


Trismalcatc^' 

Dimethylamiooethylaminc* . 


Imidazolc/HCH-' 

Triethanolamine/HCl '3 

iV-Dimcthylaminoleucylglycinc/NaOH'® . . 

Tris/HCH 

2-Ammo-2-methylpropanc-l,3-dioI/HCl 
Carbonate (Delory and King) ^ 


Buffers for biological media 

3.8- 5.6 

3.2- 7.6 

4.6- 6.4 

8 . 8 - 10.6 

5.0- 6.8 

8 . 2 - 10.0 

5.2- 8.6 

5.6- 7.4 

8.6-10.4 

6.2- 7.8 

7.0- 8.8 

7.0- 8.8 

7.2- 9.0 

7.8-10.0 

9.2-10.8 


at low pH 0 

,it high pH -0.0- 


» Can be combined with tris buffet to give a cationic universal buffer (cf. 
Semenza ct al.’^). 

References 

PhysiolAX 393 (1912); Walbum, 107, 219 (1920). 

3 Michaeus. B7, 3^ 

i^cadcinic Press, New 


^ Walbole, t05, 2501 (1914). 

3 Green, K.A.,J.Amtr,(htm.Sc(., 55, 2331 (1933)- 
Stafford tx.vt\.,Bicchim.biophyt.Atia,^^, 319 (1955); K.peb''i 
published, 1957. 

Smith nnd Smith, BM.BuB., 96, 233 (1949). 

Semenza ct ah, -45 , 2306 ( 1962 )- 

GoMori, G., Proc.Soc.exp.Biof.(N.y.) , 354 <1945). c^otetifc; 

Mertz and Owes, Prpe.Soc^exp. Biol. (NA .J ^ ^ 

RaUEN, H.M. (Ed.), Bioeher:ischfsTtitch(nbueh, 2nd cd-,r^ 

Berlin, 1964, page 90. 

Beisenhere ct ah, Z.Naiurfcnth.^ 8b, 555 (1953). 

LeoniS, J., C. R. Lcb,Carlsbtrg, SirsCkirt.^ 26, 357 (1 
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lennotoibcrwise tpecified.both itockin<l buffet lolutloni thouU be miiievp vtthduliUedwitetfree of CO| Only itindatd teigenn thould be useJ If 
re is tny doubt*) to (be punty otwitet content of tolutlonitbeir tnolantyimiw be cheeked by liuition The (mounts x of itock loluiioni required to nuke 
up * buffet solution of the desued pll nhie uc given in (he table on page 282. 


uffet 

Stock lolutKin* 

Composition of the buffer 


A. 

B 

t 

Ka0 2-N (14 91 g/1) 

Ha02-N 

25 ml A + X ml D made up 
to 100 ml 

2 

Glycine 0 1-moht in N»C1 0 1-N (7.507 g glycine + 5 844 g 
Naa/1) 

iia 0 1-N 

X ml A + (100-x) ml D 

3 

Disodium citrate 0 l-molat (21.01 g C«H|0, • lHiO + 
200mlNaOHl.N pet litre) 

iia 0 1-N 

X ml A + (100-x) ml B 

4 

Potassium biphthalate 0 1-molat (20 42 g KHCaH,0,Jl) 

nao.t-N 

SO ml A + X ml B made up 
to 100 ml 

i 

A* No 4 

NaOH 0 1-N 

50 ml A + X ml D made up 
to 100 ml 

t 

As No 3 

NaOH 0 l-N 

X ml A + (100-x) ml B 


Monopotassium phosphate ‘/u-tnoUr (9 073 g KHaPOi/l) 

Disodiitm phosphate '/ii-molat 
(U87gNa.HPO. 2H,0/1) 

X ml A + (100-x) ml B 

1 

Batbital todium O.l.rtiolat (20 62 g/1) 

HQ 0 1-N 

X ml A + (100-x) ml B 

f 

Doric icid, half-neutralaed, 0 2-molar (cott to 0 05-mo1at 
bom. 12 37 g bone acid + 100 ml NaOH I-N pet litre) 

HO 0 1-N 

X ml A + (lOO-x) ml B 

18 

As No. 2 

NaOH 0 l-N 

X ml A + (100-x) ml B 

It 

As No. 9 

NaOH 0 l-N 

xmlA + (100-x) mlB 

t2 

Citric icid 0 1-moUt (21 01 g C»H,0, 

DisodiumphosphaieO 2-molar 
(35 60gNa,HPO, 2H,0/1) 

X ml A + (100-x) ml D 

13 

To citiic teid and phosphorieaeid solutions (ca 100 ml), each 
equivalent to lOO ml NaOH 1-N, adds S4gcryst orthobotic 
end and 343 ml NaOH 1 -N, and make up the mixnite to 1 1 

HQ 0 1-N 

20 ml A + X ml D made up 
to 100 ml 

14 

j Ottte acid, monopotassium phosphate, baxbital, botic acid, 

, all 0 02aS7-molat (6 004g C.H,0, tH.0. 3 888g KH.PO., 

1 5 263 g batbital. 1 767 g H,UO./l) 

NaOH 0 2-N 

100 ml A + X ml B 

IS 

1 Sodium acetate 0 1-N (8 204 g C,H,0|Na or 13 61 e 
' C,H,0,Na 3H.O/I) ' * ' » 

Acetic acid 0 l-N (6 005 g/1) 

xml A +{I00-x)mlB 

l< 

1 ^S-Dimethylglutarie acid 0 1-molat (16 02 g/1) 

i 

NaOH02.N 

(a) 100 ml A + X ml B made 
up to 1000 ml 

(b) 100mlA + xmlB + 

5 844 g NaCl made up to 
1000 ml (Naa AO.l-molac) 


1 Piperaxinc l-moUt (86 14 g/I) 

HCI 0 1-N 

5 ml A + X ml B made up 
to 100 ml 

" 

' Tettaethylethylenediamine l-molar (172 32 g/l> 

no 0 l-N 

5 ml A + X ml B made up 
to 100 ml 


1 Tti* acid maleate 0 2-tnolat (24 23 g itis(hydioxyincthyl]- 
tromomethane +23 21 g maleic acid or 19 61 gmalescatdsy- 
dnde/1) 

NaOH 0 2-N 

25 ml A + X ml B made up 
to 100 ml 


Dimethylaminoethylamine 1-molar (88 g/1) 

naot-N 

5 ml A + X ml B made up 
to 100 ml 

31 

Imiduole 0 2 molar (13 62 g/1) 

HQ 0 1-N 

25 ml A + X ml B made up 
to 100 ml 

Triethanolamine OS-tnolac (76 U g/1) containing 20gfl 
ethylenediiminetttra-acetic acid duodiura fair 
(C,.HuO,N,Na, 2H.O) 

HQOOS-N 

10 ml A + X ml B made up 
to 100 ml 


A'-DimethyUminoleucy!g!yeine 0 1-moIat (24 33 g 

conuining NiQ 0 2-N (11 69g/l) 

NaOH 1-N 100 ml made up 
tollvrtthA ^ 

X ml A + (100-x) mlB 
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Hie |3l)!c Riven (lie nmountn (.v ml) of the stock solutions listed on page 281 required to make up a buffer solution of the desired pH value 
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Indicator 

Acid tide 

pH range 

Alkaline tide 


ted 

0 2- 1 B 

,d.OW 


ted 

1.2-2 8 

yellow 


red 

1.2- 2 8 

yellow 


ted 

1.2- 2 3 

yellow 

Tropaeolm 00 (onnge IV) 

red 

1.4- 3 2 

yellow 

^b-T>initfophefloI 

uAcK>l^eu 

1.1- 4 4 

yeBow 

Bcfuyl orange ... . . ...... 

ted 

1.9- 3.3 

yellow 

2,4-Dimtrophenol 

colourless 

2 0- 4.7 

yellow 

^DimethjUmtnoaiobenaene 

ted 

29- 40 

yellow 

Bromopkenolblue 

yellow 

3C^- 46 

Tiolet 

Congo red . ... 

blue 

3 0- 5.0 

red 

Btorooehlorophenol blue 

yellow 

3,0- 4 6 

purple 

MeihjI orange 

ted 

3 1- 4.4 

yellow 

Bromoereaol green 

yellow 

38- 54 

blue 

2.S'Dinittophenol 

colourless 

4 0- 5.8 

yellow 

Methyl red 

ted 

4 2- 6.3 

yellow 

Arolttmm Oitmut) 

ted 

44-66 

blue 

Propyl ted 

ted 

46-66 

yellow 

^•Niffophenol 

colourless 

4.7- 7.9 

yellow 

Bfomoeieiol purple 

yellow 

48-68 

purple 

Bromophenol red 

yellow 

4 8-68 

purple 

Qtlorophenol ted 

yellow 

50-69 

purple 

Btomoihymol blue 

yellow 

6 0- 7.6 

blue 

w-Nntophenol 

colourless 

66-86 

yellow 

Neutral ted 

red 

68-80 

yellow 

Phenol ted 

yellow 

6 8-84 


Rosotie acid 

brown 

6.9- 8 0 

red 

Ctesol red, 2nd range 

yellow 

7 2-88 

purple 

a-Niphtholphlhalem 

brown 

7.3- 8 7 

green 

Orange 1 (Tropaeolm 000 No 1) 

yellow 

7 6- 8.9 

rose 

m Cteaol purple, 2nd range 

yellow 

7.6- 9 2 

purple 

' Thymol blue, 2nd range 

yellow 

8 0- 9.6 

blue 

I »-Creaolphiha1em 

colourless 

8 2-98 

red 

1 rhenolphthalein 

colourless 

8.3-10 0 

red 

1 Thymolphthalein 

coknitless 

9.3-10 5 

blue 

i &-Niphthol Tiolet 

yellow 

100-12.0 

Tiolet 

1 Alizarin yellow R 

yellow 

10 0-12.1 

btowt\ 

1 Alirarm yellow GO 

yellow 

10 0-12 0 

orange 

Niframme 

colourless 

10 8-13 0 

brown 

Poiaaita blue 

blue 

110-13 0 

red 

Tropaeolm 0 (resorcin yellow) 


11 1-127 

orange 
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Flame Photometry 


Many of the spectral emission lines listed in the tables below arc 
readily detectable only in the hotter flames such as oxy-hydrogen or 
oxy-acctylcne and in some cases only in the inner cone. 

Tor further data on flame photometry sec the literature 


(Ittft nad hands of analyShal importanee ^ 

emWtions are arranp.cd In order of wave length. Inclusion docs not ncccs- 
aardv mean that the cmi'Mon is suitable for quantitative measurement of the 
clement c^mecme<!. Hand emissions arc given at the most sensitive u*avc length 
and arc imrkcd 'K. 


Wave 


Wave 


Wave 


length 

nicmcnt 

length 

Hlcmcnt 

length 

Element 

(nm) 


(nm) 


(nm) 


228.8 

Cd 

375.8 

Fe 

495* 

B 

2.83.7 

Mg 

377.6 

T1 

497* 

Ti 

285.2 

Mg 

378.6 

Ru 

500* 

Zn 

303.4 

Sn 

383 i 

Mg 

510* 

Be 

307.6 

Zn 

385.6 

Fe 

518* 

Ti 

317.5 

Sn 

386.0 

Fe 

520.5 

Cr 

324.8 

Cu 

387.3 

Co 

520.6 

Cr 

326.1 

Cd 

387.4 

Co 

520.8 

Cr 

327.4 

Cu 

396.2 

A1 

521* 

B 

328.1 

Ag 

403.3 

Ga 

535.0 

TI 

330.2 

N.a 

403.5 

Mn 

540* 

Mo 

330.3 

N.1 

404.4 

K 

548* 

B 

338.3 

Ag 

404.7 

K 

550* 

U 

340.5 

Pd 

405.8 

Pb 

552* 

Dy 

341.2 

Co 

407.8 

Sr 

553.6 

Ba 

341.5 

Ni 

410.2 

In 

554* 

Ca 

343.5 

Rh 

417.2 

Ga 

560* 

La 

344.6 

K 

420.2 

Rb 

562* 

Pr 

344.7 

K 

421.6 

Sr 

565* 

Tb 

349 i 

Sn 

422.7 

Ca 

570* 

Gd 

350.2 

Co 

425.4 

Cr 

570* 

Dy 

350.3 

Rh 

427.5 

Cr 

571* 

Pr 

351.5 

Ni 

429.0 

Cr 

576* 

V 

352.4 

Ni 

430.4 

Nd 

589.0 

Na 

352.5 

Ni 

438 f- 

La 

589.5 

Na 

353.0 

Co 

442 ft 

La 

600* 

Mo 

360.5 

Cr 

444^ 

Y 

600* 

Tb 

361.0 

Pd 

450 i 


622* 

Ca 

363.5 

Pd 

450/- 

Gd 

653* 

Sm 

364 * 

Te 

451.1 

In 

660* 

Nd 

368.4 

Pb 

455.4 

Ba 

670.8 

Li 

369.2 

Rh 

455.5 

Cs 

681 * 

Sr 

371 b 

Mg 

460.7 

Sr 

715* 

Ti 

272 b 

Te 

460.9 

Sc 

766.5 

K 

372.0 

Fe 

462 f> 

Gd 

769.9 

K 

372.3 

Fe 

462 i 

Nb 

780.0 

Rb 

372.8 

Ru 

466.2 

Eu 

794.8 

Rb 

373.3 

Fe 

4671- 

A1 

818.3 

Na 

373.5 

Fe 

471* 

Be 

819.5 

Na 

373.7 

Fe 

472.3 

Bi 

852.1 

Cs 

374.3 

Fe 

481* 

Cc 

873* 

Ba 

374.6 

Fe 

483* 

Y 

894.3 

Cs 

374.8 

Fe 

484* 

AI 



374.9 

Fe 

493.4 

Ba 


_ — 
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Dttailtd flame spectra of sodium, potassium, calcium and snagr^xa^^ 
The ionitition potential of the neutral atom and excitation potcatia! oi 
singly ionized atom (expressed in cV) are given in brackets. V’ repress: 
transition to ground state. The most suitable travc lengths forandra 
given in italics, *1' signifies the neutral atom, *11’ the singly ionized atom 


Element 


mm 

Eiritatio: 

potendil 

(='■) 

Na 

285.3 r 

I 

4.06 

(5.14:33.3) 

330.2 r 

I 

3.75 


330.3 r 

I 

3.75 


568.3 

I 

4.03 


568.8 

I 

4.03 


5S9.0r 

I 

210 


589.5 r 

I 

2.10 


818.3 

I 

3.61 


819.5 

I 

3.61 

K 

344.6 r 

I 

3.59 

(4.34; 20.6) 

344.7 r 

I 

3.59 


404.4 r 

I 

3.06 


404.7 r 

I 

3.06 


693.9 

I 

3.40 


696.4 

I 



766.5 r 

I 

1.61 


769.9 r 

I 

1.61 

Ca 

422.7 r 

I 

2.93 

(6.11:3.12) 

393.4 r 

n 

3.15 


396.8 r 

n 

3.12 


622 

CaO 

1.97 


554 

CaO 


Mg 

277.7 

I 

7.17 

(7.64; 4.42) 

277.8 

I 



278.0 

I 



278.1 

I 

7.17 


27S.3 

I 

7.17 


2852 r 

I 

4.3-+ 


333.0 

I 





6.43 


333.2 

I 





6.43 


333.7 

I 





S.SS 


382.9 

I 





5.55 


383.2 

1 





5.P5 


383.8 

I 



279.6 r 

II 



280.3 r 

11 

4.42 


371 

MgO 

3.49 


383 

MgO 
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Radioactive Nuclides - Principles 

(For references see page 291) 


CApes from the Atom, givinp rise to a slow, positively charged ion 
And A very fast secondary electron. If the ions and electrons arc not 
immediately separated hy means of an electric field they recombine 
nntl rcrnain undetected, Iilccitons slowed hy multiple collisions can 
he captured by reactive g.is molecules and give rise to ncgativcions. 
rutthermorc, an ion strongly accelerated in an electric field may 
c<)llidc with a neutral gas molecule and thereby give rise to a fresh 
positive ion and electron (sec Giucnn counters, below). X and 
Y-rays must also first give rise to free electrons before they can be 
detected, and since the probability of ionisattion occurring decreases 
rapidly with increasing quantum energy, the harder such radiation 
is, the mote dilTicult it is to detect. 

Ionisation chambers. While ionization chamber measurements form 
the absolute basis of dosimetry (sec below), the method is too slow 
and insensitive for detecting short-lived radioactivity in the gCi 
range and lower. 

Geiger counters, Tliesc arc gas-filled counters operating at reduced 
pressure. They do not measure continuous currents like ionization 
chamhets but register collision ioniz-ations. The primary ions in the 
counter gas arc multiplied by applying an cl cctricficld of 800-2000 V 
(ion ‘avalanche’). In the range of roughly 200-600 V the number of 
ions present is strictly proportional to the number of primary ions 
(proportional region), and for this reason proportional counters 
can be used to distinguish p-rays from highly ionizing particles. At 
higher voltages (> 800 V) a ‘plateau’ region is reached in which the 
ion avalanche is largely independent of the intensity of primary 
ionization. The life-time of a gas-filled counter is limited by the 
capacity of the gas to a total of 10'‘-10“> collision discharges; for 
halogen-filled tubes it is about 10”. During a collision ionization, 
which lasts about 0.1 ms, the counter is refractory to additional 
ionizations (counter dead time). In the plateau region the resolving 
time -or minimum time between two counted discharges - is about 
0.2 ms, in the proportional region about 1 gs. 

Semiconductor detectors. When silicon or germanium crystals ate 
irradiated, ioniz.ation occurs and secondary electrons are released. 
With the aid of electron donors (for example lithium) these can be 
conducted to electrodes and measured as current pulses. Such drift 
detectors ate suitable for detecting corpuscular and low-energy X 
and Y-mys at room temperature. On account of their extremely 
small size they can even be implanted. 


Scintillation 

This is the name given to the light flashes emitted by luminescent 
substances when excited by high-energy radiation. The flashes can 
in turn liberate photoelcctrons from photosensitive substances (for 
instance cacsium/antimony phosphors); the photoelectrons are 
amplified lO’-lO® times by means of a phototube multiplier before 
being converted into current pulses. The pulse height depends on 
the energy of the original y- or corpuscular radiation, and the pulses 
can thus be sotted by means of a discriminator (pulse height analys- 
er). By using different discriminator channels the different nuclides 
in a mixture of isotopes can be determined either successively or 
simultaneously. 

Solid scintillators. The commonest type in use in nuclear medicine 
consists of single crystals of thallium-activated sodium iodide. Since 
the decay time of the fluorescence is only 0.25 p.s the scintillation 
crystals have a resolving power about a thousand times greater than 
gas-filled counters. Moreover, the pulse yield for X and Y-rays is 
10-1000 times greater - depending on the crystal volume and sur- 
face - as a result of the higher density of the material. Since there is 
no dissipation of the crystals the life-time of these scintillation de- 
tectors is limited only by that of the replaceable multiplier and its 
semi-permanent photosensitive layer. The wave length of the 
luminescent radiation is about 410 nm. Organic scintillators and 
plastic scintillators have a decay time of 5-24 ns, their secondary 
luminescence a wave length of 410-440 nm. 

Liquid scintillators. The radiation from preparations emitting 
P-rays, soft X rays or Y-rays can be measured with particularly high 
pulse yield if they are mixed directly with a scintillator solution. 

Only a few highly purified alkylbcnzencs (mainly toluene and 
xylene) and ethers (anisole, veratrolc, dioxan) arc suitable as solveiits. 
They transmit the radiation energy to the scintillators by ionization 
via mctastable (10-”-10-» s) excited states. This type of energy 
transmission is subject to interference by fluorpccnce qumchmg. 

The consists ofa solution of 2, 5-diphcnyI- 

oxazole (PPO) in toluene (4 g/1). Its fluorescence, which is highly 
subject to quenching, has a maximum at 380 nm. Since the photo- 
cathodes of many multipliers develop optimum activity only at 
w te lengths above 400 nm the spectrum of the primary fluor^- 
«nce must be displaced to higher wave lengths by using a second 


fluorescent substance. Other suitable first scintillators ate l-\ 
5-(4-diphcnyl)-l,3,4-oxadiazoIc (PBD or PBO) (in toluene, 
360 nm) and /i-tcrphcnyl (8 g/1; 350 nm). 2,5-Bis-(2-[5-/trA 
bcnzoxazolyl])thiophcn (BBOT) emits light at 435 nm and 
fore needs no second scintillator. 

The 'second' scintillator converts the ultraviolet radiation fn 
first by fluorescence into radiation with a w.ave length of 
420 nm. It usually consists of l,4-di-(2-[5-phenyloxazoIyl])bi 
(POPOP) in toluene ,nt a concentration of 0.1-10 g/1. A snu 
of the fluorescence of this substance is due to primary radios 
and reduces quenching in the first scintillator. 

If the radioactive preparation in question is insoluble in t! 
vent, other substances must be added to make it soluble. Like 
however, these substances considerably reduce the pulse p'l 
fluorescence quenching. Since the latter also causes spectn 
placement, however, it can be detected and corrected by discri 
tory measurements in two channels or by comparison m'th in 
or external standard radiators. 


Autoradiography 

The oldest method of detecting radioactivity is the photogr 
one. Both electromagnetic and corpuscular radiation cause elec 
to be expelled from the halogen atoms in the silver halide grai 
a gelatin emulsion. Each electron reduces a silver ion (Ag 
metallic silver. The sites at which this occurs in the silver h 
grains constitute ‘development centres’ where the developer hi 
the reduction of the whole grain to black metallic silver, 
resulting degree of intensification is about 10”. 

Macroscopic autoradiography is used in nuclear medicine vcc 
for radiation exposure monitors (film badges); another use i! 
localization of radioactivity in chromatograms and in o 
sections of large surface area. The film used is high-sensitivity X 
film; for pure Y-ray sources an intensifying screen is usually nt 
sary, though this reduces the sharpness of the image. Image in 
sity is dependent on a great many factors, so that the exposure I 
must be decided empirically in each case. As an example, an a 
radiograph taken by a ”'I isotope with a radioactivity of lOnCi/ 
requires an exposure time of 2-A days. 

Microscopic autoradiography of sections 5-10 gm_ thick requ 
an activity concentration in the tissue of about 10 gCi/ml (assurr 
uniform distribution) if satisfactory blackening of flips 's to 
obtained in 2-16 days. In the case of weakly radioactive souti 
self-exposure times longer than three times the half-life are po 
less. The activity of weak fl-emitters (’H, ^■*C, ”S) can he e 
mined semiquantitatively by counting the blackened grams. 

Dosimetry of incorporated nuclides (see also pages 21S-2-1) 

If a p-emitter is uniformly distributed throughout an orpa 
the whole body, and if the range of its 3-rays is small compa” 
the volume of matter concerned, then the absorbed dose » 
complete disintegration is given by 

i?»=ArBXooX^' [rd] 

Tvi ■ 

where ao is the initial activity concentration -Clc/m (in ‘ 

the effective half-life (in days), T '/, the physical half-hfc (m 4 
a characteristic constant for each p-emittcr (see the tabic o p . 
292 and 293). Ko is given by 

Ki — 73.9 X EfiX Tii [rd g uCi"‘] 

where Ty. is in days and Eb is the mean energy in 
emission '(«: 0.3 EmtLx; see the table on p.agcs 292 and ^ ^ 
The hourly absorbed dose rate after the lapse ofa time 
corporation is given by 

De = 0.028 8 X A'b X CIO X ^ X f^, [rd h''] 

. ij, 

where Ty, is in days, t and T'eit in any time unit can ’ 

same for both. For values of r Ten the exponential ta 
assumed to be unity. • „ nf a us 

The absorbed dose Ex for complete disintcgratio. 
formly distributed Y-cmittcr is given by 

T 

Dx = X ao X ~ X eo X g [rd] 

Ty, 

A’t = 0.033 8 X r X Ey, [rd cm' pCi-‘] 
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Radioactive Nuclides - Diagnostic Uses 

(For references sec pape 291) 


Typictjl radio-iodint lal rejiilli 
1 Normal values 

la Normal tanfic in inilinc-dcricicncy areas 
II) Normal ratine in iodine-sorplus areas 


II Rapid iodine turnover in the rebound effect, severe hyperthytoii 
hereditary myxoedema (curves occasionally seen are shown b' 
lines) 

III Hyperthyroidism (curves occasionally seen are shown by broken 

IV Ingestion of drugs containing iodine, thyroid block, hypothytoi: 

V Iodine deficiency 


Undio-iotlinc uptake by llic ihyrnicl 


PI)”'! (trichloracetic acid precipitation) 




Time after giving test dose (liours) 


Time after giving test dose (hours) 


where F is the fraction of ‘^'I-Ts taken up by the cells and H the 
haematocrit value. 

In order to be able to compare Tn values with older values in the 
literature converted to a normal haematocrit value of 40% (Tao), 
WECiiSELDERCna ct al.® have introduced another coefficient A": 
T40 = Tii + A". K' is calculated from one of the following two for- 
mulae, depending on w’hcthcr the pathological haematocrit is above 
or below 40% : 

For H = 20-40%, A" = + O.IS (40 - H) 

For H = 40-80%, K' = - 6.5 X 10-’ (H=i - 50 H + 400) 


‘Free’ thyroxine in blooF 

The scrum of cuthyroidal persons contains about 50 ng ol 
tein-bound iodine per millilitre, made up principally of thyt 
(T4). After addition of ”'I-T4, only about 0.05% of the s 
activity is dialysable against aqueous buffer solution, the terra 
99.95% being fairly firmly bound to protein. It follows thatnc 
serum contains about 0.025 ng of dialysable (‘free’) Ts per mill 
In hyperthyroidism this is increased to about 0.13 ng/ml, in 
thyroidism decreased to about 0.004 ng/ml. Unlike the Tit t 
the serum T4 level changes little in pregnancy. Its dctermiruti 
subject to the errors common to all chemical methods 01 
mining protein-bound iodine. 


AT' values for various values of H are as follows : 


H 

A" 

H 

A" 

H 

A" 

20% 

-h3.00 

45% 

-1.13 

70% 

-11.70 

25% 

+ 2.25 

50% 

-2.60 

75% 

-14.78 

30% 

+ 1.50 

55% 

-4.38 

80% 

-18.20 

35% 

+ 0.75 

60% 

-6.50 



40% 

+0.00 

65% 

-8.93 




Variants of the Ta test often use synthetic resins, dextran gels and 
other adsorbents in place of erythrocytes. Whatever form the test 
takes, however, the adsorption of free Ta depends mainly on two 
variables: the concentration of T4 or any other substance capable 
of displacing Ta, and the TBG, ptealbumin and albumin concen- 
trations. The concentration of Ta in the plasma usually has practi- 
cally no effect. When the various cxtrathyroidal factors affecting the 
results are allowed for, relative Th values of over 16-17% point in 
all probability to hyperthyroidism, values below 10-12% to hypo- 
thyroidism. Normal values fluctuate slightly, depending on how 
often the erythrocytes arc washed and other procedural differences. 

During pregnancy the Tn value is greatly decreased, often also 
during menstruation. Pathological values ate seen in some extra- 
thvroidal diseases, particularly disturbances of the plasma proteins, 
some types of leukaemia, and uraemic, hepatic and diabetic coma. 
The following drugs aiso affect the T„ value: anabohe agents, 
androgens, anticoagulants, corticosteroids, diphenylhjdantoin, 
Evans blue, furosemide, gestagens (ovulation inhibitors) oi^tro- 
gens phenothiazine, phenylbutazone and derivatives, 
fulphobromophthalcin, sulphonamidcs thyroxine, tti-iodothyto- 
nine and thyrotropin, as well as many radionuclides given for diag- 
nostic or therapeutic purposes. 


Thyroxine metabolism^ 

In healthy subjects the biological half-life of intravc.aciusl 
jected ”‘I-T4 after reaching diffusion equilibrium is about 1 
days. The cxtrathyroidal reserve of T4 has been estimated at. 

of which about 100 p.g is broken down per day. In hypetm; m j 

the f.v/rathyroidal T4 reserve is increased to about 1800 ' 

of the augmented rate of breakdown (about 330 gp/da.v. 
about 4 days). In hypothyroidism the reserve is tcdiiceu to - 
360 (Jig, and the rate of bre,akdown to about 30 'jt; 

half-life increased to about 8% days. Determination of t ® 
rapid rate of disappearance of ■“'I-T4 is also of value in ui 
diagnosis. In vivo studies of Ta arc subject to 
tutbanccs of liver function and by changes in the protein 


Thyroid scintigraphy 

Two methods of obtaining scintigrams of the thyroid are^-^_ 
rent use. In the older and more usual method a collim^ ■ ^ 
tion crystal scans the thyroid in a horizontal plane, t 
picked up arc recorded simultaneously on paper, m so 
ments in different colours showing the rate at which t e ^1^^ 
arc received. The other method (scintillation 
very large, fixed scintillation crystal about 25 cm m 
carrying some 20 photomultipliers, or a group often or i 
tillation detectors which scan the object s'nwltancous y , 
pulses arc usually stored for a period ranging from a icy 
minutes before being converted into a photograph/c 

The principal radioactive sources used in thyroi s 
arc rail- and 5’Tc'"04“. scintigraphy is 1' 

the radio-iodine test, the scintigram being taken I-" y 
giving a test dose of 30 (iCi Nara'I (2-10 (iCi in cm tc 

Although the use of 5®Tc" requires a tenfold 
magnitude of the radiation load on the thyroid is a lou 
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lied by enteral loss of protein the 
>ver 10*/o. Although “Cr-human 
olymer it is the indicator of choice 
tant and medium half-life. 






d the gastrogenie ‘intrinsic factor', 
t absorbed from the diet and from 
im, whence it is transported to the 
S4) Since the lirer can store addi- 
•ja'teescuiciaitorsldoseofO t-05 
1 1-0 5 iiCi) given to the fasting pa- 
usculat injection of 1000 ng cyano- 
saturate (he liver and serum pro. 
•, the kidneys now eactete over 5 »/'o 
dministered If (he renal excretion 
•peated a week later with the siniul- 
sic factor. If the renal excretion is 
re is a deficiency of intrinsic factor, 
ly of the gastric mucosa and carci- 
11 low the patient is suHeting frcmi 


serve amounts to about 40 mg/kg 
0 mg/kg body weight, so that the 
4 g of iron TTie dose of 5-10 uCl 
metabolic iron studies is thetefote 
ke of iron is about 17 mg, of which 
d The daily iron turnover in the 
f 7-15 g of transferrin and 2-5 nig 
lef more than tfie amount tbeork^ 
jtnover can be calculated from the 
md the biological half-life (r») of 
1 100 ml of whole blood m aeeof 
la 

natoctit 

0 

ansferrin binding, 'Te passes into 
120 minutes, and within 8-24 houra 
hebonemattow V<tthin6-14day) 
istered has reappeared in the blood 
Exirameduilary blood-forming 
evealed by radioactivity measure, 
pteen Determinationofeheferro- 
bservation time of 2-4 weeks 

7/. 

e rate of disappearance of tagge,] 
of the chromium ofwhich 
t glohin, the amount depending On 
1 takes 10-25 days and requires a 
normal adults the haif-life of the 
24-35 days) At the tame time the 
'r and sscrum is determined by sur. 
le uptake by the spleen mute 
leen/ liver activity rat 10 exceeds! 2 
measured at the same lime as the 
merely t-3 activity measurementj 
I 10-20 minutes after intravenoua 
•'Cr-tagged erythrocytes Tor nor. 


iroton‘ 


diuretic'^*'"® '^°"^'nuous 

control in oedema 


rapidly and simply determined by 
) yiCi of tagged (“'I, ’**1) humarj 
or of 10-30 iiCi of •*Cr-albumin 
ifter the injection the rate at w hich 
plasma is mainly dependent on fh* 
(ein with the normal protein m th^ 
ils a gradual movement of activity 
^ extrapolating the activity curv^ 
la the activity concentration it tS^ 
approximately calculated For not. 





Tanderil 

Geigy 


7'y[ticnt rnilio'iodint test reiiills 
f Normal values 

la Norttr.il raiiftc In ioilinc-tlcficicncy i 
to Normal rauftc In io(llnc*surplvis arc 

Kaclio-indine U|nakc by tlic 



where F is the fraction of ‘’‘I-Ta 
hacmatoctit value. 

In otder to be able to compare ' 
litctaturc convetted to a normal 
Wechselberger et al.^ have ini 
T 41 J = Tit + K'. K'h calculated ft 
mulac, depending on whether the | 
or below 40% : 

For H = 20-40%, K' = + 0.15 

For H = 40-80%, /T' = - 0.5 : 


brings 

inflammation 
under control 


w, paniculifly the 'toxic' variety, have a bige)y autonomous 
abolitm independent of anterior pituitary control, suppression 
three days with duly doses of 5&-100 pg of tn-iodothyromne 


led inflammatory areas in a goitrous gland. 

or VI hole-body scintigraphy aimed at locattngan aberrant goitre 


y vihen there is no danger of compression. 


ineyi* 

Radiography of the kidneys at present makes use principally of 
adohippuric acid (IHA) 'ft'ith‘’'lHA the applied dose is about 
: pCi/kg body weight, with »*IHA usually 04 pCi^kg body 
ight. The nephrogram reveals two mam phases, both of which 
It be evaluated. 

(a) A rising phase eommenemg about seconds after the 
action and teaching a masimum in 4-6fnlnut<s This phase tepte- 
Its the uptake, itotage and secretion of the II lA and can often be 
vided Into a very steep pare (mien) phase) and rather less steep 
tt (functional phase) separated by i mote ot lest sharp break. 


i1 details ate shown upbettet with “*Hg-or 'S’llg-chlotmerodtir 


leer’® 

Intravenous injection of 10-30 pCi “‘I Bengal red is followed 


Mnuies the ictivity is concentrated in the giltbladJer tegton The 
ise and fall In the activity are determmed by the blood flow anc 
anctional capacity of the liver Scintigraphy of the liver can aisc 
e earned out with colloidal radiostold ('’’Au, <0-100 pCi i » ), 
ihichiiphagocytoKd by the Cells of the rcticuIocnJolhelialsysteni 
lut this uotope gives no picture of the gsIlbUddet 


Iraln't 



counting. requires an Aveta positron camera 


Caiiroenlerology 

t-ccrtti-m •/ fm/rmr tr polyrinylpjrroliJvnt iPVP) 

In 4 divs. normal pers<ans excrete OJ-1 0*-i of • tracer dose o 
VIO pCi '»1-PVP or 20-30 uCi *'0-albumin utthe faeces Afte 
6 diTS the upper limit of the total activity excreted ts about 1 5'/4 o 
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Radioactive Nuciidcs - Diagnostic Uses >- Therapeutic Uses 


It;ulio!mnninolrif>icrtl methods'^ 

liuiilin im/ihilii-! 

1 1'liiior.ihiiuiliiHlici in t!icY-f:lol)Vilinranfic that reversihly adsorb 
insniin instead of precipitatinf' it appear in the blood of only those 
persons who Itavc prcviovisly been^-iven tliis druR - usually during 
the 3 6 weeks after the first instilin injection. The binding capacity 
of these ant ibodics can be determined by electrophoretic, chromato- 
graphic or adsorption-cquilibriuin methods using insulin tagged 
witli r.ulio-iodine. Jiinding capacities of over 0.8-l.() mg of t^tl- 
insulin per litre scrum (si 20-25 lU/1 scrum) arc often, but not al- 
ways, associated with intractable diabetes, very high values with 
insulin tesistancc. These antibodies arc active not only against the 
homologous (sensitizing) insulin btit also against insulin from other 
species. Thus anti-beef insulin human yglobulin - formed in man 
when beef insulin is injected - binds not only the latter but also 
human and hog insulins. All tpiantitativc immunological methods 
of determining the concentration of the hormone depend both on 
this nonspccilicity and on the reversibility of the antigen-antibody 
binding. 


Contact therapy (P- and y-cmitters) 

Pure ^-cmilkrs arc used for the irradiation of surface foci ( 
tion in dermatology and ophthalmology and are applied dir 
the lesion in suitable forms. 

hotopts =>=P o«</“‘>Sr/®'’Y. Maximum depth of penetrations 
clTcctivc range ca. 3 mm. Commercially available in the f 
flexible plastic foils containing 20% red phosphorus whit 
been activated in a reactor. 

The Sr/Y mixture is available in metal capsules with a sil 
filter over the exit surface. Activity is due to the p-radiatios 
d.aughtcr isotope "“Y. Ophthalmological applicators slupci 
the corneal curvature arc available. 

A greater depth effect is obtained with y-tmillers applied 
surface to be treated. Commercially available is “’Co granul; 
soft plastic mass (Plastobalt) or as plastic spheres enclosed in 
gold foil. These provide optimal adaptation to surfaces ofco 
shape. The dose of y-cmitters decreases sharply with incr 
depth since the intensity is inversely proportional to the sqv 
the distance. '*-Ta is available in the form of wire in a plasti 
and is particularly suitable for ring sources for epibulb.ir irndi 


Dfkrniitntioit of hormone Irre/t 

Nonprecipitating antibodies to insulin and other hormone anti- 
gens arc usually obtained from guinea-pigs. These antibodies bind 
the corresponding tagged hormones reversibly, for addition of non- 
radioaciivc hormone antigen causes the tagged hormone to be dis- 
placed from its binding with the species-nonspecific antibody. The 
higher the concentration of hormone, the less therefore is the 
amount of antigen activity carried by the antibody y-globulins. The 
y-globulin-hormonc complexes can be separated from the unbound 
(‘f^rcc’) hormone by electrophoresis, chromatography, the adsorp- 
tion-equilibrium method, immunoprccipitation or other selective 
precipitation tcchnitiues. Hormones that arc adequately homo- 
geneous and particularly suitable for determination by radio- 
immunological methods arc insulin, glucagon, ACTH and growth 
hormone. The lower limit of determination lies in the nanogramme 
to picogramme range and is dependent on the specific activity of 
the tagged hormone antigens (S-50 mCi of radio-iodine per milli- 
gramme of hormone) and on the hormone-binding capacity of the 
antibody y-globulins. 


Therapeutic uses' 

In contrast to the natural radioactive isotopes, which on account 
of their gaseous decay products can only be used for therapeutic 
purposes when enclosed in a gastight container (needles, tubes or 
plaques of platinum, gold or monel metal), the artificial isotopes 
can mostly be used without enclosure and in either the solid or 
liquid form. The placing of the radioisotope in a circumscribed 
focus of disease with maximum possible protection of the surround- 
ing hc.althy tissue can be achieved by various methods. 

Telctherapy (y-emittcrs) 

Isotope «°Co. Sources with a specific activity of 20-100 Ci/g arc 
used, usually as cylinders 10 X 10 mm up to 25 x 25 mm. The source 
as purchased is fully shielded in a tungsten or lead container, the 
emergent radiation being controlled by an adjustable or cxchan- 
ceablc tungsten diaphragm. Exposure time is adjusted by a rcmotc- 

o ' ■ ' ' ' y 

therapy. Crossfire technique, rotation therapy or arc therapy. Ad- 
vantages over 200 kV X-ray therapy ate : higher relative depth dose; 
sharper lateral limitation of the field ; .absorption in bone practically 
the same as in soft tissues (less injury to the bones) ; maximum dose 
4-5 mm henea/h the skin (dose on skin surface 25-30% of maxi- 
mum, with correspondingly milder skin reaction). The biological 
effectiveness of the radiation from '“Co is about 80% of that of 
200 kV X rays, so that the dosages given arc usually somewhat 

be contaminated with the shorter-lived 
rompared with 30 y for ”'Cs), in which 
OSS of activity. The advantage of this 
If-lifc than “Co; its disadvantages arc 
vity, necessitating larger sources and 
and its lower y-cnergy, resulting in 
bones. 


higher. 

Isotope '3'Cs. Sources may 
isotope '"'Cs (half-life 2.3 y < 
ease there is a more rapid 
isotope lies in its longer ha 
its much lower specific acti 
therefore larger pcnumbr.i, 
ifiiiirv the skin nnd 


Interstitial irradiation 

Needles of solid y-emitters. '“Co is supplied as wire of the d 
alloy ‘Cobanic’ (55% nickel + 4S% cobalt) in steel needles or 
tubes. These ‘threads’ arc sewn into the lesion and have tn 
advantages over rigid carriers. 

’*-Ta wire (0.4 mm diameter with platinum envelope 0.1 
thick) is formed into hairpin-shaped loops which are insertcc 
tumour tissue, particularly in the wall of the bladder. 

'*-It is also very suitable for interstitial application in this 
The threads ate withdrawn from the tissues at the end of the 
diation period. 

For tumours accessible for only a short time, ‘seeds’ of radio 
(**sAu) ca. 2.5 mm long and 0.8 mm In diameter ate used, the 
diation being filtered out by means of an inactive gold or phti 
coating. Such seeds can be quickly and accurately placed it 
tissue with the aid of a ‘pistol’ for which filled ‘magazines 
available. The m,aga 2 incs must be sterilized before placing it 
pistol. Another equipment allows pieces of any desired length t 
cut under shielding from radiogold wire coated with inactive £ 
The pieces ate then inserted into the tissue through a speeW t 
Radiogold seeds have important advantages over radon seeds. 

Needles of solid ^-emitters. “"Y (pure p-emitter) in the foffi 
ceramic bodies (1 mm YrOa spheres) is particularly suit.able 
irradiation of the pituitary, either via the nose or by stereot. 
Uniform distribution of the dose over the pituitary can bcachie 
by implanting about 40 spheres. The total dose requited for tai 
hypophyscctomy is about 10 mCi. 

Infiltration methods (fi-emitters). The radioactive substance n 
jeeted directly into the tumour tissue in the form of a sra ij 
colloidal solution. The irradiation c.an be assumed to be ptact^^ 
homogeneous when the individual depots arc not more than J ' 
apart. Isotopes used: colloidal radiogold ('"“Au), colloida 
CraapO^, colloidal ’“Y. There is some loss of activity vH the j- 
ducts with concentration in the neighbouring lymph glan ?• 

For dosage calculation see pages 286 and 287. 


intracavitary irradiation 

(<j) Colloidal suspensions of radiogold (‘*®z\.u) are used fot^ 
ieritoneal and intrapleural infusion in superficial or disscrni 
:.arcinomarosis. Individual doses of 100-150 mCi arc gi' eM ^ 
;d if necessary after several months up to a total dose ot a , 
rbc main activity is due to the 3-radi.uion, with a small . P' 
ip to ca. 3 mm. This technique has recently been used 'tr’ 

)f the inner wall of the bladder, using 300 mCi of radiogo 
i-hour period. The dosage can be obtained from a nomogt. 

(b) Solid applicators in the form of plastic massu jj,;,. 
”Co grains of diameter ca. 1 mm arc used principally for 
if tumours of the mouth, nose and pharyngpl cavities. ^ 
"Co of diameter 6 mm arc strung together 
lesophagus, orcan be packed into natural orsutgical!> op-n 
avitics. , ri,..rnnva!i 

(r) Gyn.aecology: Scaled radium carriers (platinumn 

otal content 50-130 mg of ""‘Ra) introduced Into the a ac> 
nd/or uterus. 


Enteral and intravenous applications . 

A therapeutic effect from intravenous or peroral 
of isotopes is only obtainable when the isotope c.an be c.a- - 


Characteristics of radioactive nuclides with medical applications' 


292 
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Sodium-22 - Sodium-24 


Isotope Decay Tables 


Explanation of tho tables on pages 294-306 * 

Coliiniii 1 / '• cbpscil time (/ — /o) if Jfys (<!)■ I'ours (li) and minutes 

(nim). 

Column 2 Ni •■•amount of isotope not tllsintcgratccl at time / ex- 

pressed as percentage of A^o (the values apply equally to 
the activities At and Aq). 

Columns 3 and *1 I'actors and their logarithms for calculating Afo (or Af,) 
from Nt (or At)'. 

or 

iN'r ylt 

The half-lives (V*i;) of and Ig arc taken from the Handbooh 

rf Chtfrnstry and Phynts ^ , all others from the Calalop/e of RadioacHre Products^. 


* Ucproduclion of data on pages 294-306 only hy permission of the pub- 
iislicrs of these Scuniijic Tahiti. 


Decay data for and ’*®Ra have also been calculated and may be obtained 
on application to the publishers of these Sekniife Tcblci. 

The data in the tables have been calculated by computer using the follo’A'ing 
relationships (see also page 217): 

Column 2 / 

Columns 3 and 4 In-^^ = — / 

Nt r I/, 

^Disintegration constant 
References 

^ Hiiatii, R.L., in Weast ct al. (Eds.), Handbook of Chemistry and Physics, 
49th cd.. The Chemical Rubber Co., CIcvchnd, 1968, page B-4. 

^ Radiochemical Centre, Catalogue of Radioactive Products, RC.ll, Amersham, 
Bucks., 1967/68. 
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j 

- 

Nt 

NJA't 

logio 

N./Nt 

Soclium-22 

hnlf-lifc 2.6 y 


0 


100.00 

1.000 

0,00000 


50 


96.42 

1.037 

0,01585 

100 


92.96 

1.076 

0,03170 

150 


89.63 

1.116 

0.04755 

200 


86.42 

1.157 

0.06340 

250 


83.32 

1.200 

0,07925 

300 


80.33 

1.245 

0.09510 

400 


74.68 

1.339 

0.12680 

500 


69.42 

1.440 

0.15850 

600 


64.54 

1.550 

0.19020 

700 


59.99 

1,667 

0,22190 

800 


55.77 

1.793 

0.25360 

900 


51.84 

1,929 

0.28530 

1000 


48.19 

2.075 

0,31700 

1100 


44.80 

2.232 

0.34870 

1200 


41.65 

2.401 

0,38040 

1300 


38.72 

2.583 

0.41210 

1400 


35.99 

2.778 

0.44380 

1500 


33.46 

2.989 

0.47550 

1600 


31.10 

3.215 

0.50720 

1800 


26.88 

3.720 

0,57060 

2000 


23.23 

4.305 

0.63400 

2250 


19,35 

5.167 

0.71325 

2500 


16.13 

6,201 

0.79250 

2750 


13.44 

7.443 

0.87175 

3000 


11.19 

8.933 

0.95100 

! 3250 


9.33 

10.721 

1.03025 

3500 


7.77 

12.868 

1.10949 

3750 


6.48 

15.443 

1.18874 

4000 


5.40 

18.535 

1.26799 

4250 


4.50 

22.246 

1.34724 

4500 


3.75 

26.699 

1.42649 

4750 


3.12 

32.044 

1.50574 

5000 


2.60 

38.459 

1.58499 

5250 


2.17 

46.158 

1.66424 

5500 


1.81 

55.398 

1.74349 

5750 


1.50 

66.488 

1.82274 

6000 


1.25 

79.798 

1.90199 

6250 


1.04 

95.773 

1.98124 

6500 


0.87 

114.945 

2.06049 

6750 


0.72 

137.956 

2.13974 

1 7000 


0.60 

165.573 

2.21899 

1 7250 


0.50 

198.719 

2.29824 

i 

i 



Sodium-24 





half-life 15 h 


d 

h 

|uiuj 




0 

100.00 

1.000 

0.00000 



10 

99.23 

1.007 

0.00335 



20 

98.47 

1.015 

0.00669 



30 

97.72 

1.023 

0.01003 



40 

96.97 

1.031 

0.01338 



50 

96.22 

1.039 

0.01672 


1 

0 

95.48 

1,047 

0.02007 



10 

94.75 

1.055 

0.02341 



20 

94.02 

1.063 

0.02676 



30 

93.30 

1.071 

0.03010 



40 

92.59 

1.080 

0.03345 



50 

91.88 

1.088 

0.03679 


2 

0 

91.17 

1.096 

0.04014 



1C 

90.47 

1.105 

0,04348 



20 

89.78 

1.113 

0.04683 



3C 

89.09 

1.122 

0.05017 



4f 

88.41 

1.131 

0.05352 



50 

87.73 

1.139 

0.05686 

i 





— 

— 

— 



N, 

NJNt 

logic 

n„/n, 

d 

h 

C 

6 


3 

0 

87.06 

1.148 

0.06021 



10 

86.39 

1.157 

0.06355 



20 

85.72 

1.166 

0.06690 



30 

85.07 

1.175 

0.07024 



40 

84.41 

1,184 

0.07359 



50 

83.77 

1.193 

0.07693 


4 

0 

83.12 

1.203 

0.08028 



10 

82.49 

1.212 

0.08362 



20 

81.85 

1.221 

0.08696 



30 

81.23 

1.231 

0.09031 



40 

80.60 

1.240 

0.09365 



50 

79.98 

1.250 

0.09700 


5 

0 

79.37 

1.259 

0.10034 



10 

78.76 

1.269 

0.10369 



20 

78.16 

1.279 

0.10703 



30 

77.56 

1.289 

0.11038 



40' 76.96 

1.299 

0.11372 



50 

76.37 

1.309 

0.11707 


6 

n 

75.79 

1.319 

0.12041 



10 

75.20 

1.329 

0.12376 



2(1 

74.63 

1.339 

0.12710 


30 

74.05 

1.350 

0.13045 



40 

73.49 

1.360 

0.13379 



50 

72.92 

1.371 

0.13714 


7 

0 

72.36 

1.381 

0.14048 



10 

71.81 

1,392 

0.14383 



20 

71.26 

1.403 

0.14717 



30 

70.71 

1.414 

0.15052 



40 

70.17 

1.425 

0.15386 



50 

69.63 

1.436 

0.15720 


8 

0 

69.10 

1.447 

0.16055 



10 

68.57 

1.458 

0.16389 



20 

68.04 

1.469 

0.16724 



30 

67.52 

1,481 

0.17058 



40 

67.00 

1,492 

0.17393 



50 

66,49 

1.504 

0.17727 


9 

0 

65.98 

1.515 

0.18062 



10 

65.47 

1,527 

0.18396 



20 

64.97 

1,539 

0.18731 



30 

64.47 

1.551 

0.19065 

: 

40 

63,97 

1.563 

0.19400 



50 

63,48 

1.575 

0.19734 


10 

0 

63.00 

1.587 

0.20069 



10 

62.51 

1.599 

0.20403 



20 

62.03 

1.612 

0.20738 


30 

61.56 

1.624 

0.21072 


40 

61.08 

1.637 

0.21407 

' 

50 

60 62 

1.649 

0.21741 

I'l 

0 

60.15 

1.662 

0.22076 


10 

59.69 

1.675 

0.22410 


20 

59.23 

1.688 

0.22745 


30 

58.78 

1.701 

0.23079 



40 

58.33 

1.714 

0.23413 



50 

57.88 

1.727 

0.23748 


12 

0 

57.43 

1.741 

0.24082 



10 

56.99 

1.754 

0.24417 



20 

56 56 

1.768 

0.24751 



30 

56.12 

1.781 

0.25086 

1 

40 

55.69 

1.795 

0.25420 

' 

50 

55.27 

1.809! 

0.25755 

:i3 

0 

54.84 

1.823 

0.26089 


10 

54.42 

1.837 

0.26424 


20 

54.00 

1,851 

0.26758 

! 

30 

53.59 

1.866 

0.27093 


40 

53.18 

1.880 

0.27427 



50 

52.77 

1.89510.27762 


14 

0 

52.36 , 

1.909 

0.28096 



10 

51.96 , 

1.924 

0.28431 



20 

51.56 

1.939 

0.28765 



30 

51.17 

1.954 

0.29100 



40 

.50.78 

1.969 

0.29434 



50 

50 39 ’ 

1.984 

0.29769 


15 

0 

50.00 

2.000 

0.30103 



10 

49.62 

2.015 

0.30438 








- 


hi| 


:i6 


1 Nt 


I 


■17 


19 


20 
30 
40; 

'n 

0 , 

10 ; 
20 ' 
30; 
,40 
,50' 

i ol 
110 ; 
'20 
'30 
40 1 
,50, 
181 0 
,10| 
20 ' 
130; 
:40, 
50 
0 

10 , 
20 
■30' 
40, 
50 

20 0 
10 
20 , 
30 
40 
50 

21 ' 0 , 
10 , 
20 , 
'30 
40' 

, 50 

22 ' 0 
10 
20 
I 30 
:40 
'50 
23 0 

. 10 , 
20 
30' 
40 
50 


I , 0 
. 1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 
IS 

; 19 
'20 
i21 
i { 


N./Nt 


49.24 

48.86 
48.48 
48.11 

47.74 
47.38 
47.01 
46.65 

46.29 i 
45.94 I 

45.59 I 

45.24 I 
44.89' 

44.54 
44.20 ; 

43.86 

43.53 I 

43.19 

42.86 

42.53 
42.21 ; 

41.88 I 
41.56 
41.24' 
40.93 , 
40.61 

40.30 
39.99 ' 
39.69 
39.38 , 

39.08 f 

38.78 1 
38.48, 

38.19 

57.89 ‘ 

37.60 i 

37.31 I 
37.03 ' 

36.74 ; 
36.46 

36.18 i 

35.90 ' 
35.65 ; 

35.36 < 

35.08 ' 
34.81 ; 

34.55 ■ 
34.28 ' 
34.02 
33.76 

33.50 ■ 
3T24 ' 

32,99 ' 

31.50 

30.08 , 
28.72 
27.42 
26 IS 
25.00 ' 
23.87 i 
2'’ 79 ■ 

Hjo ^ 

20.78 , 
19,8-) 
18.95 ■ 
18 09 
17.27 ■ 

16.19 

15.75 
15 04 

14.36 ' 
13.7! ' 

13.09 

12.50 ; 


logio 

K/A't 


2.031 
2.046 
2.062 
2.078 
2.094 I 0.32110 
2.110 0.32444 


2.127 
2.143 
2.160 
2.176 
2.193 
2.210 
2.227 
2.244 
2.262 
2.279 
2 297 
2.315 
2.333 
2.351 
2.369 


0.32779 
0.33113 
0.33448 
0.33782 
0.34117 
0.34451 
0.34786 
0.35120 
0.35455 
0.35789 
0.36124 
0.36458 
0.36793 
0.37127 
0.37462 
2.387 ! 0.37796 

2.40610.38131 

2.424 . 0. 38465 
2.443 ' 0.38799 
2.462 I 0.39134 
2.481 ' 0.39468 
2.500 : 0.39803 
2.519:0.40137 
2.539 0,40472 
2.558 ' 0.40806 
2.578 0.41141 
2.598 0.41475 
2.618 I 0.41810 

2.639.0. 42144 
2.659 I 0.42479 

2.679 . 0. 42813 
2.700 '0.43148 
2.721 I 0.43482 
2.742 0.43817 
2.763 
2.785 
2.806 
2.B2S 
2.850 , 

2 872 

2 894 
2.916, 

2.939 , 

2.962 
2,985 

3 003 



8 

9 

10 

11 

12 

13 

14 
1.5 
16 
17 

16 

19 

20 
21 


9.169 I 0.96329 . 

9.623 0.9S335 
10.079 1.00343 
10.556 I 1.02350 
11.055 ' 1.04357 
11.578 ; 1.06364 
12.125 ! 1.CS371 
12.699 i 1.10378 
13.299 I 1.123S5 
13.928 i 1.14391 
14,587 ! 1.16398 
15.277 I 1.18405 
16.000 ' 1.20412 
16.756 ; 1.22419 
17.549 1.24426 
18.379 I 1.26.J33 
19.248 I 1.28439 
20.158 , 1.30446 
1.32453 
1.34460 
1.36467 
1.38474 
1.40481 
1.42488 

1.44494 
1.46501 
1.4S50S 
1.50515 
1.52522 
1,54529 
1.56.536 
1.58.542 
1.60.549 
1.62556 
1.64563 
1.66570 
1,68577 
1,70584 
1.72590 
1,74.597 
1.76604 
1,78611 
1.60618 
1.82635 
1.84631 
1 86638 
1.8S645 
1 , >10652 


1.18 

84.447 

1.13 

' 88.440 

1.08 

’ 92.623 

1.03 

97,0''»3 

0 98 

101.594 

0.94 

106.398 

0.90 

111.430 

0 86 

116.701 

0 82 

122 219 

0.78 

128 OOO 

0.7^ 

134.053 

0.71 

140.394 

0.68 , 

147.032 

0.65 


0.62 

161.26'^ 

0.5'> 

168.896 

0.57 

176.884 

0.54 

18*^ 

0 52 

194 012 

0.49 

203.185 

0 47 

212.797 

0.4^ ' 

222.861 

0 43 , 

233.390 1 

(i.4l 

2U.439 ' 
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Calcium-45 - Calcium-47 - Chromium-51 - IVIanganese-52 Isotope Decay Tab 
IVIanganese-54 - Iron-59 


N, 


-1.76 

-t.28 

3.86 

3.-t7 

2.81 

2.28 

1.85 

1.50 

1.21 

0.98 

0.80 

0.65 

0.52 


KIN, 


21.02‘1 

23.352 

25.938 

28.810 

35.54-1 

43.852 

54.102 

66.747 

82.348 

101.596 

125.342 

154.639 

190.783 


loRi, 

NJN, 

1.32271 

1.36832 

1.41393 

1.45955 

1.55077 

1.64199 

1.73321 

1.82443 

1.91565 

2.00687 

2.09810 

2.18932 

2.28054 


Ca(cium-47 

lulf-lifc 4.7 d 


100.00 

98.17 

96.38 

94.62 

92.89 
91.19 
89.53 

87.89 

86.29 
84.71 
83.16 

81.65 

80.15 

78.69 

77.25 

75.84 

74.46 

73.10 
71.76 
70.45 

69.16 

67.90 

66.66 

65.44 

64.25 

63.07 
61.92 
60.79 

59.68 
58.59 

57.52 

56.47 

55.44 

54.42 

53.43 

52.45 
51.50 
50.56 

49.63 

48.73 

47.84 

46.96 

46.10 

45.26 

44.44 

43.62 

42.83 

42.04 

41.28 

40.52 
39.78 
39.06 
38.34 

37.64 

36.95 

36.28 

35.62 

34.97 

34.33 

33.70 

33.08 

32.48 
31.89 

31.30 

30.73 
28.55 

26.52 

24.63 

22.88 

21.26 
19.75 

18.34 

17.04 

15.83 

14.70 
13.66 

12.69 

10.95 


1.000 

1.019 

1.038 

1.057 

1.077 

1.097 

1.117 

1.138 

1.159 

1.180 

1.202 

1.225 

1.248 

1.271 

1.294 

1.319 

1.343 

1.368 

1.394 

1.419 

1.446 

1.473 

1.500 

1.528 

1.556 

1.585 

1.615 

1.645 

1.676 

1.707 

1.739 

1.771 
1.804 
1.837 
1.872 
1.906 
1.942 
1.978 
2.015 
2.052 
2.090 
2.129 
2.169 
2.209 
2.250 
2.292 
2.335 
2.378 
2.423 
2.468 
2.514 
2.560 
2.608 
2.657 
2.706 
2.756 
2.808 
2.860 
2.913 
2.967 
3.023 
3.079 

3.136 
3.194 
3.254 
3.503 

3.771 
4.059 
4.370 
4.705 
5.065 
5.452 
5.869 

6.319 
6.802 
7.323 
7.883 

9.136 


0.00000 

0.00801 

0.01601 

0.02402 

0.03202 

0.04003 

0.04804 

0.05604 

0.06405 

0.07206 

0.08006 

0.08807 

0.09607 

0.10408 

0.11209 

0.12009 

0.12810 

0.13610 

0.14411 

0.15212 

0.16012 

0.16813 

0.17614 

0.18414 

0.19215 

0.20015 

0.20816 

0.21617 

0.22417 

0.23218 

0.24018 

0.24819 

0.25620 

0.26420 

0.27221 

0.28022 

0.28822 

0.29623 

0.30423 

0.31224 

0.32025 

0.32825 

0.33626 

0.34426 

0.35227 

0.36028 

0.36828 

0.37629 

0.38430 

0.39230 

0.40031 

0.40831 

0.41632 

0.42433 

0.43233 

0.44034 

0.44834 

0.45635 

0.46436 

0.47236 

0.48037 

0.48838 

0.49638 

0.50439 

0.51239 

0.54442 

0.57644 

0.60847 

0.64049 

0.67252 

0.70454 

0.73657 

0.76859 

0.80061 

0.83264 

0,86466 

0.89669 

0.96074 


d 

h 

.3 

H 

N, 

KIN, 

logio 

kin, 

16 

17 

18 

19 

20 
22 
24 
26 
28 
30 
32 
34 
36 



9.45 

8.15 
7.03 
6.07 
5.24 

3.90 

2.90 

2.16 
1.61 
1.20 
0.89 
0,66 
0.49 

10.587 

12.270 

14.220 

16.479 

19.098 

25.650 

34.449 

46.268 

62.141 

83.460 

112.092 

150.547 

202,195 

1.02479 

1.08884 

1.15289 

1.21693 

1.28098 

1.40908 

1.53718 

1.66528 

1.79338 

1.92148 

2.04957 

2.17767 

2.30577 



Chromium-51 




half-life 27.8 d 



0 


100.00 

1.000 

0.00000 


6 


99.38 

1.006 

0.00271 


12 


98.76 

1.013 

0.00541 


18 


98.15 

1.019 

0.00812 

1 

0 


97.54 

1.025 

0.01083 


6 


96.93 

1.032 

0.01354 


12 


96.33 

1.038 

0.01624 


18 


95.73 

1.045 

0.01895 

2 

0 


95.14 

1.051 

0,02166 


12 


93,96 

1.064 

0.02707 

3 

0 


92.79 

1.078 

0,03249 


12 


91.64 

1.091 

0.03790 

4 

0 


90.51 

1.105 

0.04331 


12 


89.39 

1.119 

0,04873 

5 

0 


88.28 

1.133 

0.05414 


12 


87.19 

1.147 

0.05956 

6 

0 


86.11 

1.161 

0.06497 


12 


85.04 

1.176 

0,07038 

7 

0 


83.98 

1.191 

0,07580 


12 


82.94 

1.206 

0.08121 

8 

0 


81,92 

1.221 

0.08663 


12 


80.90 

1.236 

0.09204 

9 

0 


79.90 

1.252 

0.09746 


12 


78.91 

1.267 

0.10287 

10 

0 


77,93 

1.283 

0.10828 


12 


76.97 

1.299 

0.11370 

11 

0 


76.01 

1.316 

0.11911 


12 


75.07 

1.332 

0.12453 

12 

n 


74.14 

1.349 

0.12994 


12 


73.22 

1.366 

0.13536 

13 

0 


72.32 

1.383 

0.14077 


12 


71.42 

1.400 

0.14618 

14 

n 


70.53 

1.418 

0.15160 


12 


69.65 

1.436 

0.15701 

15 

0 


68.80 

1.454 

0.16243 


12 


67.95 

1.472 

0.16784 

16 

0 


67.10 

1.490 

0.17326 


12 


66.27 

1.509 

0.17867 

17 

0 


65.45 

1.528 

0.18408 


12 


64.64 

1,547 

0.18930 

18 

0 


63.84 

1.566 

0.19491 


12 


63.05 

1.586 

0.20033 

19 

0 


62.27 

1.606 

0.20574 


12 


61.50 

1.626 

0.21115 

20 

0 


60.73 

1.647 

0.21657 


12 


59.98 

1.667 

0.22198 

21 

0 


59.24 

1.688 

0.22740 


12 


58.50 

1.709 

0,23281 

22 

0 


57.78 

1.731 

0.23823 


12 


57.06 

1.752 

0.24364 

23 

0 


56.36 

1.774 

0.24905 


12 


55.66 

1.797 

0.25447 

24 

0 


54.97 

1.819 

0.25988 


12 


54.29 

1.842 

0.26530 

25 

0 


53.62 

1.865 

0.27071 


12 


52.95 

1.889 

0.27613 

26 

0 


52.29 

1.912 

0.28154 


12 


51.65 

1.936 

0.28695 

27 

0 


51.01 

1.961 

0.29237 


12 


50,38 

1.985 

0.29778 

28 

0 


49,75 

2.010 

0,30320 


12 


49,13 

2.035 

0.30861 

29 

0 


48.53 

2.061 

0.31403 


12 


47.92 

2.087 

0.31944 

30 



47.33 

2.113 

0.32485 

31 



46.17 

2.166 

1.33568 

32 



45.03 

2.221 

1.34651 

33 



43,92 

2.277 

1,35734 

34 



42.84 

2.334 

0.36817 

35 



41.78 

2,393 

0.37900 

36 



40.75 

2.454 

1.38982 

37 



39.75 

2.516 

1.40065 

3S 



38.77 

2.579 

1.41143 

39 



37.82 

2.644 

0.42231 


115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 i 


5.68 
5.02 

4.43 
3.91 
3.45 
3.05 

2.69 
2.38 
2.10 
1.85 
1,63 

1.44 
1.27 
1.12 
0.99 
0.88 
0.77 


17.590 
19.926 
22.571 
25.568 
28.963 
32.808 
37.164 
42.099 
47.688 
54.020 
61.192 
69.317 
78.520 
88.945 
100.755 
,114.132 
j 129.286 
0.63 i 146.451 
0.60 1 165.895 
0.53 1 187.922 1 2.27398 
0.47 1212.872 12.32812 


1.24527 

1.29942 

1.35356 

1.40770 

1.46184 

1.51598 

1.57013 

1.62427 

1.67841 

1.73255 

1.78670 

1.84084 

1.89498 

1.94912 

2.00327 

2.05741 

2.11155 

2.16569 

2.21983 


IVIanganese'52 

half-Itfc 5.7 d 


0 

6 

12 

18 

0 

6 

1 18 I 
>1 0 
6 
tl2 

18 

12 
18 I 
oi 

12 

18 


i 100.00 ' 

97.01] 
! 94.10 1 
' 91.28' 
i 88.551 
I 65.90' 

83.33 

I 80.83' 
78.41 i 
76.06 
73.79 ; 
71.53 
69.43 ! 
67.35 1 

65.34 
63.38 I 
61.48] 
59.64 1 
57.86 , 
56 12: 


1.000 I 0.00000 
1.030 I 0.01320 
1.062 I 0.02641 
1.095 1 0.03961 
1.129 [ 0.05281 
1.164! 0.06602 
1.200 I 0.07922 

1.237.0. 09242 
1.27510.10563 

1.314.0. 11883 
1.355 0,13203 
1.397! 0,14523 
1.440 I 0.15844 
1.484; 0.17164 
1.530 10.18484 
1.577 I 0.19805 
1.626! 0.21125 
1.676:0.22445 
1.72810.23766 
1.781 '0,25086 


54. 

48. 

42. 

37, 

33. 

29. 

26. 

23. 

20 . 

IS, 


,44 I 

.21 I 

,69] 
.80, 
47 1 
,64 I 
,251 
24] 
58! 
22 ^ 


l.S36i 

2.074 I 

2.342 

2.645 

2.9S7 

3.373 

3.610 

4.302 

4.859 i 

5.437 


0.26406 
0,31687 
0.36969 
0.42250 
0.47531 
0,52812 
0.58094 
0 63375 
0.68656 
0.73937 



N, 

kin. 

■ogio 

kin. 

d 


min 

40 



36.89 

2.711 

0.43314 

41 



35.98 

2.780 

0.44397 

42 



35.09 

2.850 

0.45480 

43 



34.23 

2,922 

0.46562 

44 



33.38 

2,995 

0.47645 

45 



32.56 

3,071 

0.48728 

46 



31.76 

3.149 

0.49811 

47 



30.98 

3.228 

0.50894 

48 



30.22 

3.310 

0.51977 

49 



29.47 

3.393 

0.53059 

50 



28.75 

3.479 

0.54142 

51 



28.04 

3.567 

0.55225 

52 



27.35 

3.657 

0.56308 

53 



26.67 

3.749 

0.57391 

54 



26.02 

3.844 

0.58474 

55 



25.38 

3.941 

0.59557 

56 



24.75 

4.040 

0.60639 

57 



24.14 

4.142 

0.61722 

58 



23.55 

4.247 

0.62805 

59 



22.97 

4.354 

0.63888 

60 



22.40 

4.464 

0.64971 

62 



21.31 

4.692 

0.67136 

64 



20.28 

4.932 

0.69302 

66 



19.29 

5.184 

0.71468 

68 



18.35 

5.449 

0.73634 

70 



17.46 

5.728 

0.75799 

72 



16.61 

6.021 

0.77965 

74 



15.80 

6.329 

0.80131 

76 



15.03 

6.652 

0.82296 

78 



14.30 

6.992 

0.84462 

80 



13.61 

7.350 

0.86628 

82 



12.94 

7.726 

0.88793 

84 



12.31 

8.121 

0.90959 

86 



n.72 

8.536 

0.93125 

88 



11.15 

8.972 

0.95290 

90 



10.60 

9.431 

0.97456 

92 



10.09 

9.913 

0.99622 

94 



9.60 

10.420 

1.01788 

96 



9.13 

10.953 

1.03953 

98 



8.69 

11.513 

1.06119 

00 



8.26 

12.102 

1.08285 

05 



7.29 

13.708 

1.13699 

10 

1 

i 

6.44 

15.529 

1.19113 


h l-g 


N, 


NJN, 


logi 

Kli' 


16.14 

14.29 

12.65 

11.20 

9,92 

8.79 

4.78 

2.60 

1.42 

0.77 

0.42 

0.23 


6.197 

0.998 

7.903 

8.925 

10.079 

11.382 

20.907 

38.403 

70.538 

129.565 

237.987 

437.139 


0.792 

0.844' 

0.897: 

0.950( 

1.003- 

1.056' 

1.320; 

1.584; 

1.848-i 

2.1124 

2.3765 

2.6406 


IVIanganese-S4 

half-life 314 d 


d 

1 

0 

100.00 

1 1.000 

0.0000! 

10 

97.82 

; 1.022 

0.0095! 

20 

95.68 

; 1.045 

0.0191! 

30 

93.59 

' 1.068 

0.0287! 

40 

91.55 

1.092 

0.03835 

50 

89.55 

1.117 

0.0479; 

60 

87.59 

1.142 

0.0575- 

70 

85.68 

1.167 

0.06711 

80 

83.81 

1.193 

0.07670 

90 

81.98 

1.220 

O.OS628 

100 

80.19 

1.247 

0.09587 

no 

78.44 

1.275 

0.10546 

120 

76.73 

1.303 

0.11504 

130 

75.05 

1.332 

0.12463 

140 

73.41 

1.362 

0.13422 

150 

71.81 

1.393 

0.14380 

160 

70.24 

1.424 

0.15339 

170 

68.71 

1.455 

0.1629S 

ISO 

67.21 

1.488 

0.17257 

190 

65.74 

1.521 

0.18215 

200 

64.31 

1.555 

0.19174 

210 

62.90 

1.590 

0.20133 

220 

61.53 

1.625 

0.21091 

230 

60.19 

1.662 

0.22050 

240 

58.87 

1.699 

0.23009 

250 

57.59 

1.736 

0.23967 

260 

56.33 

1.775 

0.24926 

270 

55.10 

1.815 

0.25SS5 

280 1 

53.90 

1.855 

0.26S44 - 

290 ; 

52.72 

1.897 

0.27802 

300 

51.57 

1.939 

0.28761 - 

320 

49.34 

2.027 

0.3067S , 

340 

47.21 

2.118 

0.32596 ' 

360 

45.17 

2.214 

0.34513 i 

380 I 

43.22 

2.314 

0.3643! ' 

400 1 

41.33 

2.418 

0.38348 .' 

420 

39.57 

2.527 

0.40265 ! 

440 ^ 

37.86 ' 

2.641 

0.421.53 ' 

460 { 

36.22 

2.761 

0.44100 ; 

480 1 

34.66 

2.SS5 

0.460 1 8 . 

500 t 

33.16] 

3.015] 

0.47935 ! 

520 ] 

31.73 : 

3.152 I 

0.49.5,52 i 

540 

30.36 i 

3.294 

0.51770 - 

560 ; 

29.05 : 

3.442 1 

0.53687 ' 

5S0 ' 

27.79 

3,598 1 

0,55604 1 

600 i 

26.59 

3.760 

0.57522 ; 

640 1 

24.35 

4,107 

0.613.S7 ’ 

680 ‘ 

22.29 

4.4S7 

0.65I9I : 

720 

20.41 

4.901 < 

0.69026 1 

760 

18.63 

5.353 1 

D.72661 1 

800 1 

17,10 

5.847 1 

0.76696 , 

840 1 

15.66; 

6.?S7 i 0.S0331 

880 

14.331 

6.977 I 0.8436.5 

920 ! 

13.12 1 

7.621 I 0.S8:IH1 

960 i 

12.01 1 

8 324 I 0,92035 ‘ 

1000 1 
noo 

n.OO; 
8.82 1 

9.093 ] 0.95S70 ; 
1I..1.'’9 I 1.05457 ; 

1200 

7.07 ! 

14.140 i 1.15044 

1300 i 

5.(^ 

17.632 1 1 

1.246-11 ‘ 

1400 

4.55 ) 

21.9SS i 1.34218 

1500 

3.65 ! 

27.419 1 

:. 43.-05 1 

1700 , 

2.55 i 

42.637 i 1 


1900 i 

I..51 

66.302 1 1 

..s:i53 


2000 

2500 


, 1.21' 82,679 11.91740 

! 0.40 '249-313 I 2.39675 ' 

Iron -59 

hilf-Iifc 45 d 


0 J 

! 100.00 1 

1.000 

! O.IV'OOO ; 

12i 

! 99.23 1 

l.(K)7 


0 { 

1 «8..17 ! 

1.015 

0 0066*^ 

12; 

97,72 1 

1.023 

0.01<><l3 

0 ' 

96.07 1 

1 031 , 

0 0I3'S ' 

12 ; 

' 96 22; 

1.039 1 

0 0167: 
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Cobalt-60 - Copper-64 


Isotope Decay Tables 


. . ... 

- - - 

<1 

A'. 


loRin 


Cobn(t-60 


half-life 5.26 y 


. 

0 

100,00 

1.000 

0.00000 

20 

99.28 

1.007 

0.00313 

■m 

98.57 

1.015 

0,00627 

f,ii 

97.86 

1.022 

0.00940 

80 

97.15 

1.029 

0,01254 

100 

96.46 

1.037 

0.01567 

120 

95.76 

1.044 

0.01880 

l-IO 

95.07 

1.052 

0.02194 

160 

94.39 

1.0.59 

0.02507 

180 

93.71 

1.067 

0.02820 

200 

93.04 

1.075 

0.03134 

22(1 

92.37 

1.083 

0.03447 

2’10 

91.71 

1.090 

0.03761 

260 

91.05 

1.098 

0.04074 

280 

90.39 

1.106 

0.04387 

300 

89.74 

1.114 

0.04701 

320 

89,10 

1,122 

0.05014 

3‘I0 

88.46 

1.131 

0.05328 

360 

87.82 

1.139 

0.05641 

3S« 

87.19 

1.147 

0.05954 

400 

86.56 

1.155 

0.06268 

420 

85.94 

1.164 

0.06581 

440 

85.32 

1.172 

0.06894 

460 

84.71 

1.181 

0.07208 

480 

84.10 

1.189 

0,07521 

.800 

83.49 

1.198 

0.07835 

520 

82.89 

1.206 

0.08148 

540 

82,30 

1,215 

0.08461 

560 

81.71 

1.224 

0.08775 

580 

81.12 

1.233 

0.09088 

600 

80.54 

1.242 

0.09401 

620 

79.96 

1.251 

0.09715 

640 

79.38 

1.260 

0.10028 

660 

78.81 

1,269 

0.10342 

680 

78.24 

1,278 

0,10655 

700 

77.68 

1,287 

0,10968 

720 

77.12 

1.297 

0.11282 

740 

76.57 

1.306 

0,11595 

760 

76.02 

1.315 

0,11909 

780 

75.47 

1.325 

0.12222 

800 

74.93 

1.335 

0,12535 

820 

74.39 

1.344 

0.12849 

840 

73.85 

1.354 

0.13162 

860 

73.32 

1.364 

0.13475 

880 

72.80 

1.374 

0.13789 

900 

72.27 

1.384 

0.14102 

920 

71.75 

1.394 

0.14416 

940 

71.24 

1.404 

0.14729 

960 

70.73 

1.414 

0.15042 

980 

70.22 

1.424 

0.15356 

1000 

69.71 

1.434 

0,15669 

1020 

69.21 

1.445 

0.15983 

1040 

68.71 

1.455 

0.16296 

1060 

68.22 

1.466 

0.16609 

1080 

67.73 

1.476 

0.16923 

1100 

67.24 

1.487 

0.17236 

1120 

66.76 

1.498 

0.17549 

1140 

66,28 

1.509 

0.17863 

1160 

65.80 

1.520 

0.18176 

1180 

65.33 

1.531 

0.18490 

1200 

64.86 

1.542 

0.18803 

1250 

63.70 

1.570 

0.19586 

1300 

62.56 

1.598 

0.20370 

1350 

61.44 

1.628 

0.21153 

1400 

60.34 

1.657 

0.21937 

1450 

59.26 

1.687 

0.22720 

1500 

58.21 

1.718 

0.23504 

1550 

57.16 

1.749 

0.24287 

1600 

56.14 

1.761 

0.25071 

1650 

55.14 

1.814 

0.25854 

1700 

54.15 

1.847 

0.26638 

1750 

53.19 

1.880 

0.27421 

1800 

52.23 

1.914 

0.28204 

1850 

51.30 

1.949 

0.28988 

1900 

50.38 

1.985 

0.29771 

1950 

49.48 

2.021 

0.30555 

2000 

48.60 

2.058 

0.31338 

2050 

47.73 

2.095 

0.32122 

2100 

46.88 

2.133 

0.32905 

2150 

46.04 

2.172 

0.33689 

2200 

45.21 

2.212 

0.34472 

2250 

44.41 

2.252 

0.35256 

2300 

43.61 

2.293 

0.36039 

2350 

42.83 

2.335 

0.36822 

2400 

42.07 

2.377 

0.37606 

2450 

41.31 

2.420 

0.33389 

2500 

40.58 

2.464 

0.39173 

2550 

39.85 

2.509 

0.39956 

2600 

39.14 

2.555 

0.40740 

2650 

38.44 

2.602 

0.41523 

2700 

37.75 

2.649 

0.42307 

2750 

37.08 

2.697 

(t.43(fW 

2800 

2850 

36.41 

1C 

2.746 
■) -lOO 

0.43874 

0.44657 


2900 

2950 

3000 

3050 

3100 

3150 

3200 

3250 

3300 

3350 

3400 

3450 

3500 

3550 

3600 

3650 

3700 

3750 

3800 

3850 

3900 

3950 

4000 

4050 

4100 

4150 

4200 

4250 

4300 

4350 

4400 

4450 

4500 

4550 

4600 

4650 

4700 

4750 

4800 

4850 

4900 

4950 

5000 

5050 

5100 

5150 

5200 

5250 

5300 

5350 

5400 

5450 

5500 

5550 

5600 

5650 

5700 

5750 

5800 

5850 

5900 

5950 

6000 

6050 

6100 

6150 

6200 

6250 

6300 

6350 

6400 

6450 

6500 

6550 

6600 

6650 

6700 

6750 

6800 

6850 

6900 

6950 

7000 

7050 

7100 

7150 

7200 

7250 

7300 

7350 

7400 

7450 

7500 

7550 

7600 

7650 

7700 

7750 

7800 


/V, 


35.12 

34.50 

33.88 

33.27 

32.68 
32.09 
31.52 
30.96 
30.40 

29.86 
29..33 
28.80 
28.29 

27.78 

27.28 
26.80 

26.32 
j 25.85 
1 25.38 
I 24.93 
1 24.49 
j 24.05 

23.62 
23.20 

22.78 
! 22.37 
I 21.97 

21.58 
21.19 
20.82 

20.44 
20.08 

19.72 

19.37 

19.02 

18.68 
18.35 

18.02 
17.70 

17.38 

17.07 

16.76 
16.46 
16.17 

15.88 

15.60 

15.32 
15.04; 

14.78 I 

14.51 I 
14.251 
14.00 ! 
13.75 ; 
13.50 j 

13.26 
13.02, 

12.79 1 
12.561 
12.34 ! 
12,12 ( 
11.90 1 
11.69 

11.48 ' 

11.27 I 

11.07 
10.87 i 

10.63 ; 

10.49 

10.30 ' 
10 . 12 ' 

9.94 I 

9.76 ' 

9.58 
9.41 I 
9.24' 
9.0S 
8.92; 

8.76 ; 

8.60 I 
8.45 I 

8.30 
8.15 
8 . 00 ; 

7.86 

7.72 1 
7.581 
7.441 

7.31 ' 
7.18- 

7.051 
6.93 I 
6.80 
6.68 ■; 
6.56 I 

6.44 ' 
6.33 i 
6 , 22 ' 
6.10 i 
6,00 ; 


NJN, 


2.847 

2,899 

2.952 

3.005 

3,060 

3. 1 16 

3.173 

3.230 

3.289 

3.349 

3.410 

3.472 

3.535 

3.600 

3.665 

3.732 

3.800 

3.869 

3.939 

4.011 

4.084 

4.158 

4.234 

4.3! i 

4.390 

4.470 

4.551 

4.634 

4.718 

4.804 

4.891 

4.981 

.5.071 

5.164 

5.258 

5.353 

5.451 

5.550 


0.70511 
0.71295 
0.72078 
0.72861 
0.73645 

0.74428 

5.651 ! 0.75212 
5.754 0.75995 


5,859 0.76779 
5.965 
6.074 
6.184 
6.297 
6.412 
6.528 
6.647 
6.768 
6.891 


0.77562 
0.78346 
0.79129 
0.79913 
0.80696 
0.81479 
0.82263 
0.83046 

0.83830 

7.017 1 0.84613 
7.144:0.85397 
7.274 I 0.86180 
7.407 0,86964 
7.542 0.87747 
7.679 I 0.88531 
7.819 I 0.89314 
7.961 ' 0.90097 
8.106 0.90881 
8.254 0.91664 
8.404 1 0.92448 
8,557 ' 0.93231 

8.713.0. 94015 
8,871 : 0.94798 

9.033 . 0. 95582 
9.197 10.96365 
9.365 '0.97149 
9.535 I 0.97932 
9.709 0.98716 
9.885 ! 0.99499 

10.065 ; 1.00282 
10.248 ' 1.01066 


10.435 ; 
10.625 ' 
10.818. 
11.015; 
11.216^ 
11.420 
11.628! 
11.840 I 
12.055 ' 
12.275 ; 
12.498' 
12.725; 
12.957 1 
13.193 I 
13.4331 
13.678; 
13.927 i 
14.180' 
14.4.38 
14.701 I 
14.969; 
15.241 , 
15.519; 
15.801 1 
16.089; 
16.382 I 
16,680 ; 


1.01849 
1.02633 
1.05416 
1.04200 
1.04983 
1.05767 
1.06550 
1.07334 
1.08117 
1.08900 
1.09684 
1.10467 
1.11251 
1.12034 
1.12818 
1.13601 
1.14.485 
1.1SI6S 
1.15952 
1.16735 
1.17518 
1.18302 
1.19085 
1.19869 
1.20652 
1.21436 i 
1.22219 


9400 

9450 

9500 

9550 

9600 

9650 

9700 

9750 

9800 

9850 

9900 

9950 

10000 

10050 

10100 

10150 

10200 

10250 

10300 

10350 

10400 

10450 

10500 

10550 

10600 

10650 

10700 

10750 

lOSOO 

10850 

10900 

10950 

IIOOO 

11050 

11100 

11150 

11200 

11250 

11300 

11350 

11400 

11450 

11500 

11550 

11600 

11650 

11700 

11750 

11800 

11850 

11900 

11950 

12000 

12050 

12100 

12150 

12200 

12250 

12300 

12350 

12400 

12450 

12500 

12550 

12600 

12650 

12700 


3.37 

3.31 

3.25 
3.19 

3.13 
3.08 
3.02 
2.97 

2.91 
2.86 
2.81 

2.76 
2.71 
2.66 
2.61 

2.57 

2.52 

2.48 ' 
2.43, 

2.39 
2.35 
2.30 ; 

2.26 : 
•> 2'> 
IlS, 

2.14 
2.11 
2.07 
2.03 
1.99 
1,96 

1.92 
1.89 
1.86 
1.82 
1.79 

1.76 
1.73 
1.70 
1.67 , 

1 64 
1.61 

1.58 
1.55 

1.52 

1.49 
1.47 
1.44 
1.42, 

1.39 
1.37 
1.34 
1.32 
1.29 
1.27 
1.25’ 
123 
1.20 
1.18' 
1.16,' 
1.14 
1.12, 
1.10 ‘ 
1.08. 
1,06 
1.04 
1,02 


loRio 

A7„/7V, 

/ 

a 

j 


login 

Ar./N, 

0.45440 

7850 

5.89 

16.983 

1.23003 

0.46224 

7900 

5.78 

17.293 

1.23786 

0.47007 

7950 

5.68 

17,607 

1.24570 

0,47791 

8000 

5.58 

17.928 

1.253.53 


8050 

5.48 

18,254 

1.26136 

p,4935S 

8100 

5.38 

18.587 

1.26920 

0.50141 

8150 

5.28 

18.925 

1.27703 

0.50925 

8200 

5.19 

19.269 

1.28487 

0.51708 

0.52492 

0.53275 

0.54058 

8250 

5.10 

19.620 

1.29270 

8300 

5.01 

19.977 

1.30054 

8350 

4,92 

20.341 

1.30837 

8400 

4.83 

20.711 

1.31621 

0.54842 

8450 

4.74 

21.088 

1.32404 

0.55625 

0 

8500 

4.66 

21.472 

1.33188 


8550 

4.57 

21.863 

1.33971 

0.57976 

8600 

4.49 

22.261 

1.34755 

8650 

4.41 

22.666 

1.35538 

0.58759 

0.59543 

8700 

4.33 

23.079 

1.36321 

0.60326 

8750 

4.26 

23.499 

1.37105 

0.61110 

8800 

4.18 

23.927 

1.37888 

0.61893 

8850 

4.10 

24.362 

1.38672 

0.62677 

0.63460 

8900 

4.03 

24.806 

1.39455 

8950 

3.96 

25.257 

1.40239 

0.64243 

9000 ' 

3.89 

25.717 1 

1.41022 

0.65027 

9050 i 

3.82 

26.1851 

1.41806 

0.65810 

9100 ! 

3.75 

26.662 1 

1.42589 

0 r.r.‘;04 

9150 i 

3.68 

27.147 1 

1.43373 

0.67377 

9200 j 

3.62 

27.641 1 

1.44156 

0.68161 

9250 ' 

3.55 

28.145 

1.44939 

0.68944 

9300 . 

3.49 

28.657 

1.45723 

0.69728 

9350 1 

3.43 

29.1791 1.46506 1 




29.710 ! 1.47290 
30.251 1 1.48073 
30.801 1 1.48857 
31.3621 1.49640 
31.933 I 1.50424 
32.5141 1.51207 
33.106, 1.51991 
33.709! 1.52774 
34.322: 1.53557 
34.947 1.54341 
35.583 1 1.55124 
36.231 1 1.55908 
36.890 ; 1.56691 
37.562 1 1.57475 
38.246 , 1.58258 
38.942 1.59042 
39.651 ' 1.59825 
40.373 ’ 1.60609 
41.107 , 1.61392 
41.856, 1.62I7S 
42.618 1.62959 
43.393 1.63742 
44.183 1.64526 
44.988 ; 1.65309 
45.807 1.66093 
46.640' 1.66876 
47.489 1.67660 
1.68443 
1.69227 
1.70010 
1.70794 
1.71577 
1.72360 
1.73144 
1.73927 
1.7471! 
1.75494 


12750 

12800 

12850 

12900 

12950 

13000 

13050 

13100 

13150 

13200 

13250 

13300 

13350 

13400 

13450 

13500 

13550 

13600 

13650 

13700 

13750 

13800 

13850 

13900 

13950 

14000 

14050 

14100 

14150 

14200 

14250 

14300 

14350 

14400 

14450 

14500 

14550 

14600 

14650 

14700 


1.01 

0.99 

0.97 

0.95 

0.94 


KINi 


99.498 

101.309 

103.153 

105.031 

106.943 


0.87 

0.85 

0.84 

0.82 

0.81 

0.79 

0.78 

0.77 

0.75 

0.74 

0.73 

0.71 

0.70 

0.69 


0.92 1 108.890 
0.90 1 110.872 
0.89 1 112.890 
114.945 
117.037 
119.168 
121.337 
123.546 
125.795 
123.085 
130.416 
132.790 
135.208 
137.669 
140.175 
142.727 
145.325 i 
0.681147.970 I 
0.661150.664 1 
0.65 I 153.406 
0.64 1 156.199 
0.63 1 159.042 
0.62 161.937 
0.61 1 164.885 
0.60 1 167.887 j 
0.58 j 170.943 ' 
0.57 1 174.055 
0.56 i 177.223 
0.55 180.449 
0.54 ; 183.734 
0.53 ! 187.078 
0.52 190.484 
0.52 193.951 1 
0.51 197.482 , 
0.501201.077 ’ 


login 


1.99781 
2.00565 I 
2.01348 ; 
2.02132 I 
2.02915 i 
2.03699 I 
2.04482 , 
2.05266 i 
2.06049 ' 
2.06832 ; 

' 2.07616 I 
2.08399 : 
2.09183 1 
2.09966 ■ 
2.10750 ; 
2.11533, 
2.12317 , 
2.13100 I 
2.13884 
2.14667 1 
2.15451 ; 
2.16234 ' 
2.17017 , 
Z 17801 ' 
2.18584 
2.19368 ' 
2.20151 ; 
2.20935 , 
2.21718 ' 
2.22502 ' 
2.23285 ; 
2.24069 ' 
2.24852 . 
2.25635 : 
2.26419 
2.27202 ' 
2.27986 
2.28769 . 
2.29553 , 
2.30336 , 


Copper-64 

h.ilf-lifc 12.84 h 


48.354 
49.234 ' 
,50.130 
51.043 ' 
51.972 


52.918 
53.881 
.54,862 
55,861 
56.878 
57.913 
58.967 
60.041 , 
61.134 
62.247 
63.380 
6.1.533 
65.708 
65,904 I 
68.122 
69.362 
70.625 
71.910 
73.219 
74..552 , 
75.909 
77.291 ' 
78.698 I 
80.131 ' 
81.589 ’ 

83.075 : 
84.587 ; 
86.127' 
87.694 
89.291 
90.916 : 
92.571, 
94.256 I 
9.5,972 ? 
97.719 1 


El 

' o ' 100,00 ! 

, 20 , 98.22’ 
' 40 96.47 : 

1 I 0 
,'20 
I 40 
2 ,' 0 
• 20 ; 

40 ' 


; 0 
20 
I 40 
0 
20 
40 
0 
20 


94,74 ' 
93,06 I 
91.40 , 
89.77 
88.16' 
86.59 , 
85.05 
83.53 I 
82.04 ' 
80.58 ' 
79.14, 
77.73 
76.34 , 
'4.98 


1,000 
1.018 
1,037 
1.055 
1.075 
1.094 
1.114 
1.134 
1.155 
1. 176 
1,197 
1.219 
1.241 
1.264 
1.256 
1,310 
1.334 


1.7627S 

1.77061 

1.77845 

1.78628 

1.79412 

1.80195 

1.S097S 

1.81762 

1.82545 

r.S3329 

t.84U2 

1.84896 

1.85679 

1.86463 

1.87246 

1.88030 

1.88S13 

1.89596 

1.90380 

1 91163 

1.91947 

1.92730 

1.93514 

1.94297 

1.950S1 

1.95864 

1.96648 

1.97431 

t.98:r4 

1.98998 ; 


12 

13 

14 

15 

16 

' 17, 

■ tS ' 
' 19 

. 20 
21 
' 22 ' 
'23 

■ (7 

; 1 ' 


40 

73.65 

1.35S 

0 

72.33; 

1.383 

20 

71.04 

I.40S 

40 

69.78 

1.433 

0 

6S.53 ' 

1.459 

20 

67.31 

1.4S6 

40 

66.11 

1.513 

0 

61.93 ' 

1.540 

20 

63.77 

1.568 

40 

62.63 . 

1.597 

, 0 

61.52 

1.626 

20 

60.42 

1.655 

40 

50.34 

1.685 

0 

58.28 

1.716 

20 

.57.24 

1,747 

40 

56.22 

1.779 

0 

55.22 ' 

1.811 

20 

54.24 

1.84-1 

40 

53.27 

1 877 


52.32 

1.911 , 


40 57 ' 

2 017 ' 


46.96 ' 

2 129 ] 


44.50 

2 217 i 


42.16 

2-372 ; 


39 91 ' 

2.501 : 


37.84 , 

2.642 ' 


35 85 

2.780 

1 

33.97 

2.94 1 . 


32. 1 0 ' 

3.107 ; 

' 

30 49 ' 

3.279 I 


28 89 ' 

3.461 1 


27.37.' 

3.65.1 


2-5.93 

3 836 i 


I 0.00000 : 
1 0.007S1 ' 
0.01563 ' 
0.02344 < 
0.03126 , 
0.03907 , 
0.046S9 
0.05470 ' 
0.06252 
0.070.^3 
0.07815 
O.OS596 
, 0 09378 
0.10159 
0.10941 
0.11722 
0.12504 
■ 0.13285 
' 0.14067 
' 0.1 4848 ’ 
0.156.M) 
0.16411 
0.17193 
0.17074 
0.1S756 
0.19537 
0.20319 
0.21100 
0.21882 
0 22663 
0.23445 
0 24:26 
().250()3 
0.2=^789 
0.26^71 
0.27352 
0.28134 ' 

0 30JT8 
0 52823 ' 
0.35167 
0 37512 
0..398'6 
0 42201 

0,-14545 

0.4Cv8'^i) 

0.40:54 
0 51570 

0 539:3 
f> y>y'^ 

0.55fil2 



sotopc Decay Tables Copper*64 - Zinc*G5 - Sclenium<75 - Broniine-82 
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2 OS 


0 67S90 
0 7033< 
0 72679 
0 7SIIJ3 
0 77368 
0 79712 
0 82057 
0 84401 
091435 

0 98468 

1 05502 
1 1253S 
1 19568 
I 266112 
I 33635 
1 40669 
1 47702 
1 547 56 
1 61769 


. . ' 57 327 , 
1 44 ' 67 40S I 
126‘ 79 2551 
1 071 91 189 ' 
0 91 10>1571 
0 78 128 834, 
0 66' 151 484' 
0 56 '178 115 


48 7561 1 68S03 


1 75856 
1 82869 
1 89903 

1 96916 

2 05970 
2 11CW3 
2 18037 
2 2S070 


79 75 
77 52 
76 36 


efiS 


1 0>W 0 OOIKH) 
1 028,0 01229 
I 068 002467 
1 088 0 03686 
1 119 0 04915 
1 151 0 06144 
I 185 0 U7372 
1 219 008601 
1 263 U 0‘)8J0 
1 289 0 11058 
I 326 0 12287 
I 366 0 13516 

1 444 0 16973 
1 485 0 17202 
1 528 U 19430 
1 572 0 1966) 
1617 OOiWSS 


2«(6 04‘ 
ion 047 


1 

1682 
i 165S| 
15 90! 


073722 
0 74950 
0 76179 
0 77408, 
0 78636] 
0 79865 
10 81094 
0823221 
0 83551 
0 84780 
0 86008 
0 88466 
0 90973 
093i»» 
0 95837 
098295 
- 00753 
03210 
05668 
08125 
10583, 

13040 

14 288- 1 15497 
16119,1 17955 
16UU0{l2lH12 
III 16 9311122869 
!7l 189M»| 1 27784 

11 21231 I 3269 '> 
HI 23 7751137614 
16 ' 26 624 ' 1 42529 
15 ' 29 814 1 47413 
» 31 387 1 1 52368 
17 1 37 387 1 57273 
19 1 41 867 1 1 62188 

13 , 46 883 1 67102 
K) 52 501 1 1 77017 

14 69 668 184304 
H I 92 448 I 945 -Xl 

12 122 68(12 08878 
il 1*2 T-)! 2 2 II 6 S 
16 216 034 2 33457 


041 001990 

071 oor)»' 

096 003981 
121 001916 
117 0 05971 


0 10917 
011912 
012937 


) 014927 
3 015922 
3 016917 


22« 0 36425 
2 316 0 36420 
2 347 0 37415 
2411 03S8II 
2601 0394061 


3340,062246 

3 626,0 44731' 
37M‘oS 722I 
3954 OSno 
4t« 0 42191 

4 434 0 64644 
4 696 0 67172 


ro ITS: 
19 1 18 51 


4 04 24 729 
3 82 1 26187 
3 61. 27 731 
341 23366 
3 221 31097 
3 04 ( 32 930 
2 871 34 872 
2711 36928 
2 56 39 105 
24l| 41410 
1 43 852 


2 16' 

2o3| 4v 1/711 
1 92 1 52 071 , 1 
lei' 55 14511 
I7|, 58 396 1 


0 69660 
0 72148 
0 74636 
0 77124 
079612 
0 82099 
0 84587 
0 87075 
; 89561 
0 921)51 
P 94519 

0 97027 
099SU 

1 D449U 
1 06978 
I 0‘)466 
1 11954 

1 16929 
1 1 19417 
[121905 
1 24393 
1 1 26881 
1 2‘)369 
1131857 
1 1 34345 
. 36812 
I 39320 
1 llSi’S 
I 44296 
46784 
1 49272 
1 51760 
1 54247 
' I 56735 
1 59223 
161711 
I 64199 


I 36 , 73 4 34 
IWl 77 761 I 
1 21 82 34811 

1 15 87 203 1 1 
1 08 9234411 
102 9778911 
«97 101 554 2 


0 77 IV) 221 2 
073'l37 8)9l2 
U68 146 02912 
0 61,114 639 2 
0 61 1 163 756 ) 2 


1 81614 
184102 
1 8*590 


-I221908 
4 2 26)95 
li2 28883 


0 inoon' 
2il 99 3i 
40 9870 

1, 0 980*' 
>1, 97 4» 

,40' 96 79' 

2, o! 9616, 
|20. 915l[ 


5 0 90 67 
20 9/1091 
40, 89 50 


> 


7 0 8-»19 
20 8662, 
,40 8606' 


0 00(100 
000281 
0 00367 
0 00850 
001134 
001417 
O0I70I 
0 01484 
0 02261 
0 02S51 
0 02835 
005118 
0 0340] 
0 03685 
0 03968 
0 04252 
0 04535 
0 04819 
,, ,005102 
32^0 05336 
3');0 05669 
J7 005953 

54 1 0 06216 


15 50 1 1 170 0 06803 


, II 08787 
0 P907I 
■ 0 09354 


11905 
12189 
' 12472 
D 12756 
0 13039 
• 13322 
0 13606 
0 13889 
•• 14173 
0 14456 
0 14740 
- 15023 
0 15307 
D 15590 
0 15874 
0 161S7 
0 16440 
0 16724 
0 I71K17 
0 172VI 
17574 
0 17858 
018141 
0 18425 
018708 
OIS*'): 
0 19275 
0 19559 
0 19842 
0 2U12S 
. 20409 
0 20602 
0 20976 
0 21259 
0 21543 
0 21826 
0 22110 
0 223)3 
0 22677 


1 499 
I S09 
1 518 


1 559 
1 569 
I 579 


1 621 
1632 
1 642 
I 655 
1 664 
1675 
1 686 
1697 


0 229c 


1 7h4 
1 776 
1 788 
1 799 


'] 3007] 
'! 49 74 

I 


2 232 
2 276 
2 321 
2 367 

2414 

2 4*1 


0 25511 
0 25795 
0 26078 
0 26361 
0 26645 
0 26928 
C 27212 
0 27495 
0 27779 
0 28062 
0 28346 
0 28629 
0 28913 , 
0 29196 
0 29430 , 
29761 
30046 
30330 
0 30613 

0 12314 
931164 
>34015 
0 34365 
0 35716 
0 35566 
0 37416 I 
0 38267 
939117 ' 



300 


Bromine-82- Krypton-85 -Strontium-89- Strontium-90 Isotope Decay Tables 


10 


11 


A'< 

A'a/M 

■oBio 

39.07 

2.560 

0.40818 

38.31 

2.610 

0.41668 

37.57 

2.662 

0.42519 

36.84 

2.714 

0.43369 

36.12 

2.768 

0.44219 

35.42 

2.823 

0.45070 

34.74 

2.879 

0.45920 

34,06 

2.936 

0.46770 

33.40 

2.994 

0.47621 

.32.76 

3.053 

0.48471 

32,12 

3.113 

0.49321 

31.50 

3.175 

0.50172 

30,89 

3.238 

0.51022 

30,29 

3.302 

0.51873 

29.70 

3.367 

0.52723 

29.13 

3.433 

0.53573 

28,56 

3.501 

0.54424 

28.01 

3.571 

.0.55274 

27.46 

3.641 

0.56124 

26.93 

3.713 

0.56975 

26.41 

3.787 

0.57825 

25,90 

3.861 

0.58676 

25.39 

3.938 

0.59526 

24.90 

4.016 

0,60376 

24.42 

4.095 

0.61227 

23.95 

4.176 

0,62077 

23.48 

4.259 

0.62927 

23,03 

4.343 

0.63778 

22.58 

4.429 

0.64628 

22.14 

4.516 

0,65479 

21.71 

4.606 

0.66329 

21.29 

4.697 

0.67179 

20.88 

4.790 

0.68030 

20.47 

4.884 

0.68880 

20.08 

4.981 

0.69730 

19.69 

5.079 

0.70581 

19.31 

5,180 

0.71431 

18.93 

5.282 

0.72282 

18.56 

5.387 

0.73132 

18.20 

5.493 

0,73982 

17.85 

5.602 

0.74833 

17,51 

5.713 

0.75683 

17.17 

5,826 

0.76533 

16.83 

5.941 

0.77384 

16.51 

6.058 

0.78234 

16.19 

6.178 

0.79084 

15.87 

6.300 

0.79935 

15,56 

6.425 

0.80785 

15.26 

6.552 

0.81636 

14.97 

6.681 

0.82486 

14.68 

6.813 

0.83336 

14.39 

6.948 

0.84187 

14.11 

7.086 

0.85037 

13.84 

7.226 

0.85887 

13.57 

7.368 

0.86738 

13.31 

7.514 

0.87588 

13.05 

7.663 

0.88439 

12.80 

7.814 

0.89289 

12.55 

7.969 

0.90139 

12.31 

8.126 

0.90990 

12.07 

8.287 

0.91840 

11.83 

8,451 

0.92690 

11.60 

8.618 

0,93541 

11.38 

8.788 

0.94391 

11.16 

8.962 

0.95242 

10.94 

9.139 

0.96092 

10.73 

9.320 

0.96942 

10.52 

9.504 

0.97793 

10.32 

9.692 

0.98643 

10.12 

9.884 

0.99493 

9.92 

10.079 

1.00344 

9.73 

10.279 

1.01194 

9.54 

10.482 

1.02044 

8.48 

11.789 

1.07147 

7.54 

13.258 

1.12249 

6.71 

14.911 

1.17351 

5.96 

16.770 

1.22453 

5.30 

18.861 

1.27556 

4.71 

21.212 

1.32658 

4.19 

23.856 

1.37760 

3.73 

26.830 

1.42862 

3.31 

30.175 

1.47964 

2.95 

33.937 

1.53067 

2.62 

38.167 

1.58169 

2.33 

42.925 

1.63271 

2.07 

48.276 

1.68373 

1.84 

54.295 

1.73476 

1.64 

61.063 

1.78578 

1.46 

68.675 

1.83680 

1.29 

77.237 

1.88782 

1.15 

86.865 

1.93885 

1.02 

97.694 

1.98987 

0.91 

109.873 

2.04089 

0.81 

123.570 

2.09191 

0.72 

138.974 

2.14293 

0.64 

156.299 

2.19396 

0.57 

175.784 

2.24498 

0.51 

197.697 

2.29600 

0.45 

222.343 

2.34702 


d 

Ni 


NJNt 

Krypton-85 

half-life 10.6 y 

0 

100.00 

l.OOC 

0.00000 

100 

98,2; 

1.011 

0.00778 

200 

96.4f 

1.03C 

0.01555 

300 

94.77 

1.055 

0.02333 

400 

93.09 

1,074 

0.03110 

500 

91.44 

1.094 

0.03888 

600 

89.81 

i.ii; 

0.04665 

700 

88.22 

1.13' 

0.05443 

800 

86.66 

1.15' 

0.06220 

900 

85.12 

1.175 

0.06998 

1000 

83,61 

1.196 

0.07775 

1100 

82.12 

1.21f 

0.08553 

1200 

80.67 

1.24C 

0.09331 

1300 

79.24 

1.262 

0.10108 

1400 

77.83 

1.285 

0.10886 

1500 

76.45 

1.308 

0.11663 

1600 

75,09 

1.332 

0.12441 

1700 

73.76 

1.350 

0.13218 

1800 

72.45 

1.380 

0.13996 

1900 

71.17 

1.405 

0.14773 

2000 

69.90 

1.431 

0.15551 

2100 

68.66 

1.456 

0.16328 

2200 

67.44 

1.483 

0.17106 

2300 

66.25 

1.510 

0.17884 

2400 

65.07 

1,537 

0.18661 

2600 

62.78 

1.593 

0.20216 

2800 

60.57 

1.651 

0.21771 

3000 

58.44 

1.711 

0.23326 

3200 

56.39 

1.773 

0.24881 

3400 

54.40 

1.838 

0.26436 

3600 

52.49 

1.905 

0.27992 

3800 

50.64 

1.975 

0.29547 

4000 

48.86 

2.047 

0.31102 

4200 

47,14 

2.121 

0.32657 

4400 

45.49 

2.198 

0.34212 

4600 

43.89 

2.279 

0.35767 

4800 

42,34 

2.362 

0.37322 

5000 

40.85 

2.448 

0.38877 

5200 

39.42 

2.537 

0.40432 

5400 

38.03 

2.630 

0.41987 

5600 

36.69 

2.725 

0.43542 

5800 

35.40 

2.825 

0.45098 

6000 

34,16 

2.928 

0.46653 

6400 

31.80 

3.145 

0.49763 

6800 

29.60 

3.379 

0.52873 

7200 

27.55 

3.629 

0.55983 

7600 

25,65 

3.899 

O.S9093 

8000 

23.88 

4.188 

0.62203 

8400 

22.23 

4.499 

0.65314 

8800 

20.69 

4.833 

0.68424 

9200 

19.26 

5.192 

0.71534 

9600 

17.93 

5.578 

0.74644 

10000 

10.69 

5.992 

0.77754 

10400 

15.54 

6.436 

0.80865 

10800 

14.46 

6.914 

0.83975 

11200 

13.46 

7.428 1 

0.87085 

11600 

12.53 

7.979 

0.90195 

12000 

11.67 

8.571 

0.93305 

13000 

9.75 

10.252 

1.01081 

14000 

8.16 

12,262 

1.08856 

15000 

6.82 

14.666 

1.16632 

16000 

5.70 

17.542 

1.24407 

17000 

4.77 

20,981 

1.32182 

18000 

3.98 

25.094 

1.39958 

19000 

3.33 

30.015 

1.47733 

20000 

2.79 

35.899 

1.55509 

21000 

2.33 

42.938 

1.63284 

22000 

1.95 

51.357 

1.71060 

23000 

1.63 

61.426 

1.78835 

24000 

1.36 

73.469 

1.86610 

25000 

1.14 

87.874 

1.94386 

26000 

0.95 

[05.103 

2.02161 

27000 

0.80 

125.709 

2.09937 — 

28000 

0.67 

150.356 

2.17712 

29000 

0.56 

179.836 

2.25488 

30000 

0.46 1 215.095 1 2.33263 


Sfrontiurn-89 

half-life 51 d 


0 

100.00 

1.000 

0.00000 

1 

98.65 

1.014 

0.00590 

2 

97.32 

1.028 

0.01181 

3 

96.00 

1.042 

0.01771 

4 

94.71 

1.056 

0.02361 

5 

93.43 

1.070 

0.02951 

6 

92.17 

1.0S5 

0.03542 

7 

90.92 

1.100 

0.04132 

8 

89.70 

1.115 

0,04722 

9 

88.49 

1.130 

0.05312 


10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 

64 

68 

72 

76 

80 

84 

88 

92 

96 

100 

104 

108 

112 

116 

120 

124 

128 

132 

136 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 


JVi 


87.29 
84.95 

82.67 
80.46 

78.30 
76.20 

74.16 

72.17 
70.23 
68.35 
66.52 
64.73 

63.00 

61.31 

59.66 
58.06 

56.51 
54.99 

53.52 
52.08 

50.68 

49.32 

48.00 

46.71 
45.46 

44.24 
41.90 

39.68 

37.59 

35.60 

33.71 
31.93 

30.24 
28.64 
27.12 

25.69 

24.33 
23.04 
21.82 
20.67 
19.57 
18.54 

17.56 
16.63 
15.75 

14.92 

13.02 

11.37 

9.92 

8.66 

7.56 

6.60 
5.76 
5.03 
4.39 
3.83 

3.34 

2.92 


JVo/M 


logio 

■Wo/M 


JV, JVJJVt 


logic 

NcIN, 


1.146 

1.177 

1.210 

1.243 

1.277 

1.312 

1.349 

1.386 

1.424 

1.463 

1.503 

1.545 

1.587 

1.631 

1.676 

1.722 

1.770 

1.818 

1.869 

1.920 

1.973 

2.027 

2.083 

2.141 

2.200 

2.260 

2.387 

2.520 

2.661 

2.809 

2.966 

3.132 

3.307 

3.492 

3.687 

3.893 

4.110 

4.340 

4.582 

4.838 

5.109 

5.394 

5.695 

6.014 

6.350 

6.704 

7.6S0 

8.799 

10.079 

11.547 

13.228 

15.154 

17.360 

19.887 

22.782 

26.099 

29.898 
34.251 
39.237 
44.949 
51.493 



0.05903 

0.07083 

0.08264 

0.09444 

0.10625 

0.11805 

0.12986 

0.14166 

0.15347 

0.16527 

0.17708 

0.18888 

0.20069 

0.21249 

0.22430 

0.23610 

0.24791 

0.25971 

0.27152 

0.28332 

0.29513 

0.30693 

0.31874 

0.33054 

0.34235 

0.35415 

0.37776 

0.40137 

0.42499 

0.44860 

0.47221 

0.49582 

0.51943 

0.54304 

0.56665 

0.59026 

0.61387 

0.63748 

0.66109 

0.68470 

0.70831 

0.73192 

0.75553 

0.77914 

0.80275 

0.82636 

0.88539 

0.94441 

1.00344 

1.06246 

1.12149 

1.18051 

1.23954 

1.29857 

1.35759 

1.41662 


58.989 

67.577 

77.415 

88.685 

101.596 


0.05887 
0.06476 
0.07065 
0.07653 
0.08242 
0.08831 , 
0.09419 ( 
0.10008 
0.10597 
0.11186 
0.11774 i 
0.12363 
0.12952 
0.13540 I 
0.14129 I 
0.14718 i 
0,15307 i 
0.15895 i 
0.16484 I 
0,17073 f 
0.17661 i 
0. 1 8250 ! 
0.18839 ; 
0.19427 1 
0.20016 i 
0.20605 i 
0.2 1 194 ; 
0.21782 
0.22371 I 
0.22960 
0.23548 . 
0.24137 , 
0.24726 , 
0.25315 i 
0.25903 ) 
0.26492 ' 
0.270SI 
0.27669 1 
0.28258 ; 
0.2SS47 I 
0.29436 i 
0.30024 ; 
0.30613 I 
0.31202 ; 
0.31790 I 
0.32379 1 
0.3296S 
0.33557 i 
0.34145 : 

0 34734 I 
0.35323 ' 
0.35911 I 
0,36500 I 
0.37089 
0.37678 ; 
0.38266 I 
0.3SS55 ; 
0.39444 I 
0.40032 ' 
0,40621 ‘ 
0.41210 i 
0.41799 i 
0.423S7 , 
0.42976 i 
0.43565 
0.44153 ; 
0.44742 ‘ 
0.45331 , 
0.45919 ; 
0.46503 


Strontium-90 

half-hfc 28 V 


0 

100.00 

1.000 

1 0.00000 

100 

99.32 

1.007 

0.00294 

200 

98,65 

1.014 

0.00589 

300 

97.99 

1.021 

0,00883 

400 

97.33 

1.027 

0.01177 

500 

96.67 

1.034 

0.01472 

600 

96,01 

1.042 

0.01766 

700 

95.37 

1.049 

0.02060 

800 

94.72 

1.056 

0.02355 

900 

94.03 

1.063 

0.02649 

1000 

93.45 

1.070 

0.02944 

1100 

92.82 

1.077 

0.03238 

1200 

92,19 

1.035 

0.03532 

1300 

91.57 

1.092 

0.03827 

1400 

90.95 

1.100 

0.04121 

1500 

90.33 

1.107 

0.04415 

1600 

89.72 

1.115 

0.04710 

1700 

89.12 

1.122 

0.05004 

1800 

88.51 

1.130, 

0 05298 

1900 

87.92 

1.137 

0.05593 



18.37; 
17.76 1 
17.17 ; 
16 59 ' 
16.04 


4.595 i 0.66230 
4,754 0.67702 
4 917 1 0.69174 ; 
5.0,37 i 0.70645 
5.262 ; 0.72117 

5.444 i 0.73589 ’ 
S.63I ' 0.75061 
5.825 I 0.765'-2 
6,026 I 0,78001 
6.234 ' O.T-91'6 
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IVlolybdenum-99 - T echnetium-99m - Tellurium-132 Isotope Decay Tables 


,iL'' 1 1 


A'. AWM 



12 


18 

10 

0 


12 

11 

0 


12 

12 

0 


12 


0,38640 

0.39089 

0,39538 

0.39988 

0.40437 

0.40886 

0.41336 

0,41785 

0.42234 

; 0.42684 
0.43133 
0.43582 

i 0.44031 
0.44481 
0.44930 

- 0.45379 

- 0.45829 
0.46278 
0.46727 
0.47177 
0.47626 
0.48075 
0.48524 

1 0.48974 
0,49423 
0.49872 
0.50322 
0.50771 
0.51220 
0.51670 
0.52119 
0.52568 
0.53017 
0.53467 
0.53916 
0.54365 
0.54815 
0.55264 
0.55713 
0.56163 
0.56612 
0.57061 
0.57510 
0.57960 
0.58409 
0.58858 
0.59308 
0.59757 
0.60206 
0.60656 
0.61105 
0.61554 
0.62003 
0.62453 
0.62902 
0.63351 
0,63801 
0.64250 
0.64699 
0.65149 
0.65598 
0.66047 
0.66496 
0.66946 
0.67395 
0.67844 
0.68294 
0.68743 
0.69192 
0.69642 
0.70091 
0.70540 
0.70989 
0.71439 
0.71888 
0.72337 
0.72787 
0.73236 
0.73685 
0.74135 
0.74584 
0.75033 
0.75482 
0.78178 
0.80874 
0.83570 
0.86266 
0.88961 
0.91657 
0.94353 
0.97049 
0.99745 
1.02440 
1.05136 
1.07832 
1.13224 

. 1.18615 
1.24007 
1,29398 

1 1.34790 


a 

/ 

h 

E 

M 

A7,/A7, 

loRio 

13 

0 


3.96 

25.224 

1.40182 


12 


3.50 

28.558 

1.45573 

14 

0 


3,09 

32.333 

1.50965 


12 


2.73 

36.607 

1.56357 

15 

0 


2.41 

41.446 

1.61748 


12 


2.13 

46.924 

1.67140 

16 

0 


1.88 

53.127 

1.72531 


12 


1.66 

60.149 

1.77923 

17 

0 


1.47 

68.100 

1.83315 


12 


1.30 

77.101 

1.88706 

18 

0 


1.15 

87.293 

1.94098 


12 


1.01 

98.831 

1.99489 

19 

0 


0.89 

111.895 

2.04881 


12 


0.79 

126.685 

2.10273 

20 

0 


0,70 

143.431 

2.15664 


12 


0.62 

162.389 

2.21056 

21 

0 


0.54 

183.854 

2.26447 


12 



0.48 

208.156 

2.31839 


-c- at, 
E 


Technetiuni-99m 

half-life 6 h 


0 

100.00 

5 

09.04 

10 

98.09 

|15 

97.15 

20 

96.22 

25 

95.30 

30 

94.39 

35 

93.48 

40 

92.59 

45 

91.70 

50 

90.82 

55 

89.95 

1 0 

89.09 

5 

88.24 

10 

87.39 

15 

86.55 

20 

85,72 

25 

84.90 

30 

84.09 

35 

83.28 

40 

82.49 

45 

81.70 

50 

80.91 

55 

80.14 

2 0 

79.37 

5 

78,61 

10 

77.86 

15. 

77.11 

20 

76.37 

25 

75,64 

30 

74.92 

35 

74.20 

40 

73.49 

45 

72.78 

50 

72.09 

55 

71.39 

3 0, 

70.71 

5 

70.03 

10 

69.36 

15 

68.70 

20 

68.04 

25 

67.39 

30 

66.74 

35 

66.10 

40 

65.47 

45 

64.84 

50 

64.22 

55 

63.61 

4 0 

63.00 

5 

62.39 

10 

61.79 

15 

61.20 

20 

60.62 

25 

60.04 

30 

59.46 

35 

58.89 

40 

58.33 

45 

57.77 

50 

57.21 

55 

56.67 

5 0 

56.12 

10 

55.05 

20 

54.00 

30 

52.97 

40 

51.96 

so 

50.97 

6 0 

50.00 

10 

49.05 

20 

48.11 

30 

47.19 

40 

46.29 

50 

45.41 

7 0 

44.54 

10 

43.70 

20 

42.86 


1.000 0.00000 
1.010 0.00418 
1.019 0.00836 
1.029 0.01254 
1.039 0.01672 
1.049 0.02090 
1.059 0.02509 
1.070 0.02927 
1.080 0.03345 
1.091 0.03763 
I.IOI 0.04181 
1.112 0.04599 
1.122 0.05017 
1.133 0.05435 
1.144 0.05853 
1.155 0.06271 
1.167 0.06690 
1.178 0.07108 
1.189 0.07526 

1.201 0.07944 
1.212 0.08362 
1.224 0.08780 
1.236 0.09198 
1.248 0.09616 
1.260 0.10034 
1.272 0.10452 
1.284 0.10871 
1.297 0.11289 
1.309 0.11707 
1.322 0.12125 
1.335 0.12543 
1.348 0.12961 
1.361 0.13379 
1.374 0.13797 
1.387 0.14215 
1.401 0.14633 
1.414 0.15052 
1.428 0.15470 
1.442 0.15888 
1.456 0.16306 
1.470 0.16724 
1.484 0.17142 
1.498 0.17560 
1.513 0.17978 
1.527 0.18396 
1.542 0.18814 
1.557 0.19233 
1.572 0.19651 
1.587 0.20069 
1.603 0.204S7 
1.618 0.20905 
1.634 0.21323 
1.650 0.21741 
1.666 0.22159 
1.682 0.22577 
1.698 0.22995 
1.714 0.23414 
1.731 0,23832 
1.748 0.24250 
1.765 0.24668 
1.782 0.25086 
1.816 0.25922 
1.852 0.26758 
1.888 0.27595 - 
1.924 0.28431 
1,962 0.29267 
2.000 0.30103 
2.039 0.30939 
2.079 0.31776 - 
2.119 0.32612 
2.160 0.33448 

2.202 0.34284 
2.245 0.35120 
2.289 0.35957 
2.333 0.36793 


1 

I40! 7.29 

l23 

0 7.02 

( 

20 6.75 


40 6.50 

i 0 

6.25 

1 

■ 5.57 

i 2 

1 4.96 

3 

1 4.42 

■» 

1 3.94 

5 

; 3.51 


1 3.12 

7 

* 2.78 

8 

2.48 

i 9 

; 2.21 

1 10 

1.97 

1" 

1.75 

' 12 

: 1.56 

13 

, 1.39 

14 

, 1.24 

15 

I 1.10 

16 

: 0.93 

17 

i 0.88 

18 

1 0.78 

19 

; 0.70 

120 

0.62 

I2I 

1 0.55 

|22 

1 0.49 


2.828 0.45155 
2.883 0.45991 
2.939 0.46827 
2.997 0,47663 
3.055 0.48499 
3.114 0.49336 
3.175 0.50172 

3.237 0.51008 
3.299 0.51844 
3.364 0.52680 
3.429 0.53517 
3.496 0.54353 
3.564 0.55189 
3.633 0.56025 
3.704 0.56861 
3.776 0.57698 

3.849 0.58534 
3.924 0.59370 
4.000 0.60206 
4.157 0.61879 
4.320 0.63551 
4.490 0.65223 
4.666 0.66896 

4.849 0.68568 
5.040 0.70241 

5.238 0.71913 
5.443 0.73585 


8.980 0.95327 
9.332 0.96999 
9.699 0,98671 
10.079 1.00344 
10.475 1.02016 
10,886 1.03689 
11.314 1.05361 
11.758 1.07033 
12.220 1.03706 
12.699 1.10378 
13.198 1.1205! 
13.716 1.13723 

14.255 1.15395 
14.814 1.17068 
15.396 1.18740 
16.000 i 1.20412 
17.960 1 1.25430 
20.159 ! 1.30447 
22.628 ; 1.35464 
25.399 1 1.40481 
28.509 1 1.45493 
32.000,' 1.50516 
35.919 i 1.55533 
40.318 I 1.60550 

45.256 1.65567 
50.798 1.70584 


80.636 ; 1.90653 
90.511 1 1.95670 


Tellurium-132 

half-life 78 h 


12 

89.89 

1.113 

13 

89.09 

1.122 

14 

88.30 

1.132 

15 

87.52 

1.143 

16 

86.75 

1.153 

17 

85,98 

1.163 

18 

85.22 

1.173 

19 

84.46 

1.184 

20 

83.72 

1.195 

21 

82.98 

1.205 

22 

82.24 

1.216 

23 

81.51 

1.227 

0 

80.79 

1.238 

1 

80.08 

1.249 

2 

79.37 

1.260 

3 

78.67 

1.271 

4 

77.97 

1.283 

5 

77.28 

1.294 

6 

76.60 

1.306 

7 

75.92 

1.317 

8 

75.25 

1.329 

91 

74.58 

1.341 

10 

73.92 

1.353 

11 

73.27 

1.365 

12 

72.62 

1.377 

13 

71.98 

1.389 

14 

71.34 

1.402 

15 

70.71 

1.414 

16 

70.08 

1.427 

17 

69.46 

1.440 

18 

68.85 

1.452 

19 

68.24 

1.465 

20 

67,64 

1.478 

21 

67.04 

1.492 

22 

66.45 

1.505 

23 

65.86 

1.518 

0 

65.28 

1.532 

1 

‘ 64,70 

1.546 

2 ' 

64.13 

1.559 

3 

1 63,56 

1.573 

4 1 

1 63.00 

1.587 

5: 

62.44 

1.602 

< 5 ! 

7 

i 61.89 

1.616 

1 Atn r 


1.055 0.02316 
1.064 0.02702 
1.074 0.03087 
1.083 0.03473 
1.093 0.03859 
1.103 0.04245 


0.04631 1 
0.05017 I 
0.05403 I 
0.05769 
0.06175 
0.06561 ! 

0.06947 ! 


0.11578 i 
0.11964 : 
0.12350 ; 
0.12736 ! 
0 . 13122 ; 
0.13503 1 


1.645 0.21612 1 
1.660 I 0.21998 i 
1.674 I 0.22384 | 
1.639 0,22770 j 


1.735 0.23923 i 
1.750 0.24314 I 
1.766 0.24700 j 
1.782 0.25086 i 

1.793 0.25472 j 
1,814 0.25853 ! 
1.830 0.26244 ! 
1.646 0.26630 I 
1.863 0.27016 ! 
1.879 0.27402 j 

1.896 0.27787 , 
1.913 0.23173 , 
1.930 0.28559 , 
1.947 0.23945 ; 
1.965 0.29331 ■ 
1.982 0.29717 ' 

2.000 0.30103 ' 
2.018 0.30489 . 

2.036 0.30375 , 
2.054 0.31261 ' 
2.072 0.31647 , 
2.09! I 0..32033 ' 

2.110 0.32419 1 
2.128 0 .32305 i 
2.147 0.33191 I 
2.167 0.33577 
2.186 0,33962' 
2.205 0.34348 


1.000 I 0.00000 
1.009 0.00386 
1.018 0.00772 
1.027 0.01158 
1.03610.01544 
1,045 i 0.01930 


; 44.94 ■ 
44.54 i 
I 44.15! 
43.761 
43.37 
i 42.99 

j 42.61 
! 42.23 
I 41.86 
i 41.49 
I 41.12 
' 40,76) 

i 40.40 












Iodine-132 - Caesium-137 


Isotope Decay Tables 


li 



login 

njn, 


lodlno-132 

Inif-lifc 2.3 h 


0 

100.00 

1.000 

0.00000 

2 

99,00 

1.010 

0.00436 

4 

98.01 

1.020 

0.00873 

6 

97.03 

1.031 

0,01309 

8 

96.06 

1.041 

0.01745 

10 

95.10 

1.052 

0,02181 

12 

94.15 

1.062 

0.02618 

14 

93.21 

1.073 

0.03054 

16 

92.28 

1.084 

0.03490 

18 

91.36 

1.095 

0.03926 

20 

90.44 

1.106 

0.04363 

22 

89.54 

1.117 

0.04799 

24 

88.64 

1.128 

0.05235 

26 

87.76 

1.140 

0.05672 

28 

86.88 

1.151 

0.06108 

30 

86.01 

1.163 

0.06544 

32 

85.15 

1.174 

0.06980 

34 

84.30 

1.186 

0.07417 

36 

83.46 

1.198 

0.07853 

38 

82,62 

1.210 

0.08289 

40 

81.80 

1.223 

0.08726 

42 

80.98 

1.235 

0.09162 

44 

80.17 

1.247 

0.09598 

46 

79.37 

1.260 

0.10034 

48 

78.58 

1.273 

0.10471 

50 

77.79 

1.285 

0.10907 

52 

77.01 

1.298 

0.11343 

54 

76.24 

1.312 

0.11779 

56 

75.48 

1.325 

0.12216 

58 

74.73 

1.338 

0.12652 

0 

73.98 

1.352 

0.13088 

2 

73.24 

1.365 

0.13525 

4 

72.51 

1.379 

0.13961 

6 

71.78 

1.393 

0.14397 

8 

71.07 

1.407 

0.14833 

10 

70,36 

1.421 

0.15270 

12 

69.65 

1.436 

0.15706 

14 

68,96 

1.450 

0.16142 

16 

68.27 

1.465 

0.16579 

18 

67.59 

1.480 

0.17015 

20 

66.91 

1.495 

0.17451 

22 

66.24 

1.510 

0.17887 

24 

65.58 

1.525 

0.18324 

26 

64.92 

1.540 

0.18760 

28 

64.27 

1.556 

0.19196 

30 

63.63 

1.572 

0.19632 

32 

63.00 

1.587 

0.20069 

34 

62.37 

1.603 

0.20505 

36 

61.74 

1.620 

0.20941 

38 

61.13 

1.636 

0.21378 

40 

60.51 

1.652 

0.21814 

42 

59.91 

1.669 

0.22250 

44 

59.31 

1.686 

0.22686 

46 

58.72 

1.703 

0.23123 

48 

58.13 

1.720 

0.23559 

50 

57.55 

1,738 

0.23995 

52 

56.98 

1.755 

0.24432 

54 

56.41 

1.773 

0.24868 

56 

55.84 

1.791 

0.25304 

58 

55.28 

1.809 

0.25740 

0 

54.73 

1.827 

0.26177 

2 

54.18 

1.846 

0.26613 

4 

53.64 

1.864 

0.27049 

6 

53.11 

1.883 

0.27485 

8 

52.58 

1.902 

0.27922 

10 

52.05 

1.921 

0.28358 

12 

51.53 

1.941 

0.28794 

14 

51.01 

1.960 

0.29231 

16 

50.50 

1.980 

0.29667 

18 

50.00 

2.000 

0.30103 

20 

49.50 

2.020 

0.30539 

22 

49.01 

2.041 

0.30976 

24 

48.52 

2.061 

0.31412 

26 

48.03 

2.082 

0.31848 

28 

47.55 

2.103 

0.32285 

30 

47.08 

2.124 

0.32721 

32 

46.60 

2.146 

0.33157 

34 

46.14 

2.167 

0.33593 

36 

45.68 

2.169 

0.34030 

38 

45,22 

2.211 

0.34466 

40 

44.77 

2.234 

0.34902 

45 

43.66 

2.290 

0.35993 

50 

42.58 

2.349 

0.37084 

55 

41.52 

2.408 

0.38174 

0 

40.49 

2.470 

0.39265 

5 

39.49 

2.533 

0.40356 

10 

38.51 

2.597 

0.41446 

15 

37.55 

2.663 

0.42537 

20 

36.62 

2.731 

0.43628 

25 

30 

35 

35.71 

34.83 

2.800 

2,871 

0.44718 

0.45809 

33.96 

2.944 

0.46900 

40 

33.12 

3.019 

0.47990 

j45 

32.30 

3,096 

0.49081 


10 


11 


12 


13 


14 


35 

40 

45 

50 

55 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

0 

5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
0 
10 
20 
30 
40 
50 
0 
10 
20 
30 
40 
SO 
0 
10 
20 
30 
40 
50 
0 
10 
20 , 
30 
40 
50 j 
0 
10 


18.59 

18.13 
17.68 

17.24 
10.81 
16.39 
15.99 

15.59 

15.20 

14.83 

14.46 
14.10 

13.75 
13.41 

13.08 

12.75 

12.44 

12.13 

11.83 

11.53 

11.25 
10.97 
10.70 

10.43 
10.17 

9.92 

9.08 

9.44 

9.20 

8.97 

8.75 

8.53 
8.32 
8.12 

7.91 
7.72 1 

7.53 
7.34 

7.16 

6.98 
6.81 
6.64 
6.47 
6.31 

6.16 
6.00 
5.85 

5.71 
5.57 

5.43 

5.30 
5.16 
5.04 

4.91 
4.67 

4.44 
4.22 
4.02 

3.82 

3.63 

3.46 
3.29 
3.12 
2.97 

2.83 
2.69 
2.56 
2.43 

2.31 

2.20 

2.09 

1.99 
1.89 
1.80 

1.71 

1.63 
1.55 

1.47 
1.40 


/ 


JV, 

Km 

loBio 

t 

N, 

kin, 

I 0810 

h 

utui 

K/K 

d 

u 

c 

e 

KIN, 


50 

31.50 

3.175 

0.50172 



20 

1.33 

75.161 

1.87599 


55 

30.72 

3.256 

0.51263 



30 

1.27 

79.032 

1.89781 

4 

0 

29.95 

3.338 

0.52353 



40 

1.20 

83.103 

1.91962 


5 

29.21 

3.423 

0.53444 



50 

1.14 

87.384 

1.94143 


1() 

28.49 

3.510 

0.54535 


15 

0 

1.09 

91.886 

1.96325 


15 

27.78 

3.600 

0.55625 



10 

1.03 

96.619 

1.98506 


20 

27.09 

3.691 

0.56716 



20 

0,98 

101.596 

2.00687 


25 

26.42 

3.785 

0.57807 



30 

0.94 

106.829 

2.02869 


30 

35 

25.76 

25.13 

3.881 

3.980 

0.58897 

0.59988 



40 

50 

0.89 

0.85 

112.332 

118.118 

2.05050 

2.07232 


40 

24.50 

4.081 

0.61079 


16 

0 

0.81 

124.202 

2.09413 


45 

23.89 

4.185 

0.62169 



10 

0,77 

130.600 

2.11594 


50 

23.30 

4.291 

0.63260 



20 

0.73 

137.328 

2.13776 


55 

22.72 

4.401 

0.64351 



30 

0.69 

144.402 

2.15957 

5 

0 

22.16 

4.512 

0.65442 



40 

0.66 

151.840 

2.18139 


5 

21.61 

4.627 

0,66532 



50 

0.63 

159.661 

2.20320 


10 

21.08 

4.745 

0.67623 


17 

0 

0.60 

167.886 

2.22501 


15 

20.55 

4.866 

0.68714 



10 

0.57 

176.534 

2.24683 


20 

20.04 

4.989 

0.69804 



20 

0.54 

185,627 

2.26864 


25 

19.55 

5.116 

0.70895 



30 

0.51 

195.189 

2.29045 


5.380 

5.517 

5.657 

5.801 

5.948 

6.100 

6.255 

6.414 

6.577 

6.744 

6.916 

7.092 

7.272 

7.457 

7.646 

7.841 

8.040 

8.245 

8.455 

8.670 

8.890 

9.116 

9.348 

9.586 

9.829 

10.079 
10.336 
10.599 
10.868 
11.145 
11.428 
11.719 
12.017 
12.322 
12.636 
12.957 
13.287 
13.624 
13.971 
14.326 
14.691 
15.064 
15,447 
15.840 
16.243 
16,656 

17.080 

17.514 
17.960 
18.416 
18.885 
19.365 
19.857 
20.363 
21.411 

22.514 
23.674 
24.894 
26.176 
27,524 
28.942 
30.433 
32.000 
33.649 
35.382 
37.205 
39.121 
41.136 
43.255 
45.483 
47.826 
50.290 
52.880 
55.604 
58.469 
61.480 
64.647 
67.977 
71.479 


0.73076 

0.74167 

0.75258 

0.76348 

0.77439 

0.78530 

0.79621 

0.80711 

0.81802 

0.82893 

0.83983 

0.85074 

0.86165 

0.87255 

0.88346 

0.89437 

0.90527 

0.91618 

0.92709 

0.93800 

0.94890 

0.95981 

0.97072 

0.98162 

0.99253 

1.00344 

1.01434 

1.02525 

1.03616 

1.04707 

1.05797 

1.06888 

1.07979 

1.09069 

1.10160 

1.11251 

1.12341 

1.13432 

1.14523 

1.15613 

1.16704 

1.17795 

1.18886 

1.19976 

1.21067 

1.22158 

1.23248 

1.24339 

1.25430 

1,26520 

1.27611 

1.28702 

1.29792 

1.30883 

1.33065 

1.35246 

1.37427 

1.39609 

1.41790 

1.43971 

1.46153 

1.48334 

1.50516 

1.52697 

1.54878 

1.57060 

1.59241 

1.61423 

1.63604 

1.65735 

1.67967 

1.70148 

1.72329 

1.74511 

1.76692 

1.78874 

1.81055 

1.83236 

1.85418 


Caesium-137 

hnlf-lifc 30 y 


0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 

2200 

2400 

2600 

2800 

3000 

3200 

3400 

3600 

3800 

4000 

4200 

4400 

4600 

4800 

5000 

5200 

5400 

5600 

5800 

6000 

6200 

6400 

6600 

6800 

7000 

7200 

7400 

7600 

7800 

8000 

8200 

8400 

8600 

8800 

9000 

9200 

9400 

9600 

9800 

10000 

10200 

10400 

10600 

10800 

11000 

11200 

11400 

11600 

11800 

12000 

12200 


100.00 

99.37 
98.74 
98.12 
97.50 
96.89 

96.28 
95.67 
95.07 
94.47 
93.87 

93.28 
92.69 
92.11 
91.52 
90.95 

90.37 
89.80 
89,24 

I 88.67. 

i 88.12 ,i 

! 87.01 
1 85.91 
I 84.83 
! 83.77 
1 82.71 
I 81.67 
. 80,65 
1 79.63 
I 78.63, 

, 77.64 

■ 76.671 
I 75.70 i 
I 74.75; 

' 73.81 

I 72.88 1 
. 71.97 1 
' 71.06; 

■ 70.17: 

; 69.29' 

' 68.42 i 
1 67.56! 

I 66.711 
I 65 87 I 
' 65.04’ 

I 64.22; 

I 63.421 
, 62.62' 
61.83 i 
' 61.05 ' 

' 60.29 j 
1 59.531 
, 58.78: 

58,041 
I 57.31' 

1 56.59 i 
1 55.83; 

55.18 1 
I 54.431 
I 53.80] 

, 53.12, 

; 52.45; 

I 51.79 
51.14! 

I 50.50! 
i 49.86: 
49.24 
48.62 
! 48.01 
j 47.40 
i 46.81 
I 46.22 


1.000 

1.006 

1.012 

1.019 

1.025 

1.032 


0.00000 

0.00275 

0.00550 

0.00824 

0.01099 

0.01374 


12400 

12600 

12800 

13000 

13200 

13400 

13600 

13800 

14000 

14200 

14400 

14600 

14800 

15000 

15200 

15400 

15600 

15800 

16000 

16500 

17000 

17500 

18000 

18500 

19000 

19500 

20000 

20500 

21000 

21500 

22000 

22500 


N, 


45.64 

45.06 

44.50 

43.94 

43.39 

42,84 

42.30 

41.77 

41.25 

40.73 

40.21 

39.71 

39.21 

38.72 
38.23 
37.75 
37.27 
36.81 

36.34 

35.21 

34.12 

33.05 

32.02 

31.03 

30.06 

29.13 

28.22 

27.34 
26.49 
25.66 
24.87 
24.09 




2.191 

2.219 

2.247 

2.275 

2.304 

2.334 

2.363 

2.394 

2.424 

2.455 

2.486 

2.518 

2.550 

2.582 

2.615 

2.649 

2.682 

2.716 


logio 


0.34067 I 
0.34616 ' 
0,35166 : 

0.35715 
0.36265 1 
0.36814 I 
0.37364 I 
0.37913 I 

0.38463 : 
0.39012 
0.39562 ( 
0.40111 ! 
0.40660 ; 

0.41210 ! 
0.41759 I 
0.42309 I 
0.42858 I 
0.43408 ' 


1.038 

0.01648 

23000 

23.34 

1.045 

0.01923 

23500 

22.61 

1.051 

0.02198 

24000 

21.91 

1.058 

0.02473 

24500 

21.23 

1.065 

0.02747 

25000 

20.57 

1.072 

0.03022 

25500 

19.93 

1.078 

0.03297 

26000 

19.31 

1.085 

0.03572 

26500 

18.71 

1.092 

0.03846 

27000 

18.12 

1.099 

0.04121 

27500 

17.56 

1.106 

0.04396 

28000 

17.01 

1.11310.04670 

28500 

16.48 

1.120 

0.04945 

29000 i 

15.97 

1.127 

0.05220 

29500 ! 

15.47 

1.134 

0.05495 

30000 i 

14.99 

1.149 

0.06044 

30500 ; 

14.52' 

1.163 

0.06594 

31000 ' 

14.07 

1.178 

0.07143 

31500 

13,63 1 

1.193 

0.07693 

32000 

13.21 ! 

1.203 

0.08242 

32500 , 

12.80 1 

1.224 

0.03792 

33000 

12.40 , 

1.239:0.09341 

33500 

12.01 

1.255 1 

0.09890 

34000 1 

11.64 

1.271 1 

0.10440 

34500 

11.28 

1.287 ‘0.10989 

35000 i 

10.93 1 

1 . 304 ; 

0.11539 

35500 • 

10.59 1 

1.320 

0.1 2088 

36000 . 

10.26 : 

1,337 ( 

0.1263S 

36500 

9.94 ; 

1.354) 

0.13187 

37000 

9,63 . 

1.372 ' 0.13737 

37500 

9 . 33 ] 

1.389 


0.14286 

3S000 ■ 

9.04 ! 

1.4071 

0.14836 

38500 

8.76, 

1.425 '0.15385 

39000 

8.48 i 

1.443 

j 0.15935 

39500 

8.22' 

1.461 

0.16484 

40000 

7.96* 

1.480 

0.17033 

40500 

7.71 1 

1.499 

: 0.17583 

41000 ' 

7.47! 

1 518 

0.18132 

41500 

7.24 j 

1.537 

j 0.18682 

42000 

7.02 i 

1.557 

0.19231 

42500 

6.80 1 

1.576 

10.19781 

43000 

6.59 ! 

1.596 0.20330 

43500 

6,38 1 

1.617 

i 0.20S80 

44000 

6 . 1 s 

1.637 

! 0.21429 

44500 1 

5.99 

1.658 0.21979 

45000 i 

5 80 

1.679 

0.22528 

45500 

5.62 

1.701 

0,23078 

46000 

5.45 

1:722 

0.23627 

46500 ’ 

5.28 1 

1.744 

0.24177 

47000 . 

5.11 ! 

1.767 

0.24726 

47500 ' 

4.95 I 

1.789 

0.25275 

48000 ! 

4.80 i 

1.812 

0.25825 

48500 , 

4,65 , 

1.835 

0.26374 

49000 

4 51 : 

1.858 

0.26924 

49300 ' 

4.37 ! 

1.882 

0.27473 

50000 1 

4.23 1 

1.906 1 0.28023 

.50500 i 

4,10 

1.930)0 

.28572 

51000 , 

3.97 1 

1.955 

0.29122 

51500 - 

3 85 ! 

1.980 

0.29671 

52000 1 

3.7.3] 

2.005 

0.30221 

52500 1 

3,61 i 

2.030 

0.30770 

53000 ; 

3.50 

2.056 

0.31320 

55500 1 

3.39: 

2.0S3 

0.31869 

54000 ' 

3.28 ' -■ 

2.109 

0.32419 

54500 : 

3.18 i 3 

2.136 

0.32968 

55000 ' 

3 08'' 3 

2.163 

0.33517 

55500 1 

3.99 j 3 


2.751 

2.839 

2.931 

3,025 

3.122 

3.222 

3.326 

3.433 

3.543 

3.657 

3.775 

3.896 

4.021 

4.150 

4.284 

4.422 

4.564 

4.710 

4.862 

5.018 

5.179 

5.346 

5.517 


0.43957 j 
0.45331 ! 
0.46705 j 

0.48078 i 
0.49452 1 
0.50826 : 
0.52199 ' 
0.53573 ; 
0.54947 ; 

, 0.56320 I 
0.57694 
0.59063 I 
0.60441 1 
0.61815 ! 
0.63189 ! 
0.64562 i 
0.65936 ! 
0.67309 I 
0.68683 i 
0 . 70057 ; 
0.71430 
0.72804 
0.74178 ! 


5.695 I 0.75551 
5.878 I 0.76925 
0.78299 
I 0.79672 1 
I 0.81046 ' 
' 0.82420 I 
0.83793 : 
0.85167 . 
0.86540 ‘ 
0.87914 I 
0.89288 
0.90661 : 
0,92035 1 
0.93408 ' 
0.94782 I 
0.96156 , 
0.97529 
0.98903 ; 
1.00277 
1.01651 
1.03025 


6.067 

6,262 

6.463 

6.671 

6.885 

7.106 

7.335 

7.570 

7.814 

8.065 

8.324 

8.591 

8.867 

9.152 

9.446 

9.750 

10.064 

10.387 

10.721 


11.065 I 1.0439S , 
11,421 i 1.05772 ' 
11.783 I 1,07146 
12.167 ; 1,08519 
12.558 I 1.09893 
12.961 1.11267 

13.378 ; 1.12640 
13.808 I 1.14014 
14.252 I 1.15388 , 
14.710 j 1.16761 ’ 
15.182 I 1.1SI35 
15.670 1 1.19509 
16.174 I 1.20882 
16.693 ' 1.22256 
17,230 ; 1.23630 , 
1.25003 
1.26377 
1.27751 ' 
1,29124 ‘ 
1,30408 
1,31872 

, 1.33245 

’2.191 1,34619 

!2.904 I 1.35993 
!3.640 ! 1,37366 
!4.4(X1 I 1.38740 
!5,t84 1 1.40114 ’ 
15.994 I I.4I4S7 
;6.829 j 1.42861 
;7.69I I 1,44235 
8.581 I.456PS 

0 490 : 1.46952 
0.447 1 1.4835.6 
1.426 ; 1.49729 
2 436 ' 1.51103 
3.478 i 1.52177 


17.734 

18.355 

18.945 

19.554 

20.182 
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Mercury-197 - Mercury-203 


Isotope Decay Tables 



A'oW 

loKin 

74.19 

1,348 

0.12967 

73.40 

1.362 

0.13431 

72.62 

1.377 

0.13894 

71.85 

1.392 

0.14357 

71,09 

1,407 

0.14820 

70,33 

1.422 

0.15283 

69.59 

1.437 

0.15746 

68.85 

1.452 

0.16209 

68.12 

1.468 

0.16672 

67.40 

1.484 

0.17136 

60.68 

1.500 

0.17599 

65.98 

1.516 

0.18062 

65.28 

1.532 

0.18525 

04.58 

1.548 

0.18988 

03,90 

1.565 

0.19451 

63.22 

1.582 

0.19914 

62.55 

1.599 

0.20377 

61.89 

1.616 

0.20841 

01.23 

1.633 

0.21304 

60.58 

1.651 

0.21767 

59.94 

1.668 

0.22230 

59.30 

1.686 

0,22693 

58.67 

1.704 

0.23156 

58.05 

1.723 

0.23619 

57.43 

1.741 

0.24082 

56.83 

1.760 

0.24546 

50.22 

1.779 

0.25009 

55.63 

1.798 

0.25472 

55.04 

1.817 

0.25935 

54.45 

1.836 

0.26398 

53.88 

1.856 

0.26861 

53.30 

1.876 

0.27324 

52.74 

1.896 

0,27787 

52.18 

1.916 

0.28251 

51.63 

1.937 

0.28714 

51.08 

1.958 

0.29177 

50.54 

1.979 

0,29640 

50.00 

2.000 

0.30103 

49.47 

2.021 

0.30566 

48.94 

2.043 

0.31029 

48.43 

2.065 

0,31492 

47.91 

2.087 

0.31956 

47.40 

2,110 

0.32419 

46.90 

2.132 

0.32882 

46,40 

2.155 

0.33345 

45,91 

2.178 

0.33808 

45.42 

2,201 

0.34271 

44.94 

2.225 

0.34734 

44.47 

2.249 

0,35197 

43,99 

2.273 

0.35661 

43.53 

2.297 

0.36124 

43.07 

2.322 

0.36587 

42.61 

2.347 

0.37050 

42.16 

2.372 

0.37513 

41.71 

2.398 

0.37976 

41.27 

2.423 

0.38439 

40.83 

2.449 

0.38902 

40.40 

2.475 

0.39366 

39.97 

2.502 

0.39829 

39.54 

2.529 

0.40292 

39.12 

2.556 

0.40755 

38.71 

2.583 

0.41218 

38.30 

2.611 

0.41681 

37.89 

2.639 

0.42144 

37.49 

2.667 

0.42607 

37.09 

2.696 

0.43071 

36.70 

2.725 

0.43534 

36.31 

2.754 

0.43997 

35.93 

2.784 

0.44460 

35.54 

2.813 

0.44923 

35.17 

2.844 

0.45386 

34.79 

2.874 

0.45849 

34.43 

2.905 

0.46312 

34.06 

2.936 

0.46776 

33.70 

2.967 

0.47239 

33.34 

2.999 

0.47702 

32.99 

3.031 

0.48165 

32.64 

3.064 

0.48628 

32.29 

3,097 

0.49091 

31.95 

3,130 

0.49554 

31.61 

3.164 

0.50017 

31.27 

3.197 

0.50481 

30.94 

3,232 

0.50944 

30.61 

3.266 

0.51407 

30.29 

3.301 

0.51870 

29.97 

3.337 

0.52333 

29.65 

3.373 

0.52796 

29.34 

3.409 

0.53259 

29.03 

3.445 

0.53722 

28.72 

3.482 

0.54186 

28.41 

3.520 

0.54649 

28.11 

3.557 

0.55112 

27.81 

3.595 

0.55575 

27.52 

3.634 

0.56038 

27.23 

3.673 

0.56501 

26.94 

3.712 

0.56964 

26.65 

3.752 

0.57427 

26.37 

3.792 

0.57891 


<1 

1.'’ 

11 

JV| 

Wo/A'. 

loBio 

JVJJV, 


6 


26.09 

3.833 

0.58354 


7 


25.81 

3.87^ 

0.58817 


8 


25.54 

3.916 

0.59280 


9 


25.27 

3.95! 

0.59743 


10 


25.or 

4.00( 

0.60206 


11 


24.73 

4.043 

0.60669 


12 


24.47 

4.086 

0.61132 


13 


24.21 

4.13C 

0.61596 


14 


23.96 

4.174 

0.62059 


15 


23.70 

4.219 

0.62522 


16 


23.45 

4.264 

0.62985 


17 


23.20 

4.310 

0.63448 


18 


22.96 

4.356 

0.63911 


19 


22.71 

4.403 

0.64374 


20 


22.47 

4.450 

0.64837 


2! 


22.23 

4,498 

0.65301 


22 


22.00 

4.546 

0.65764 


23 


21.76 

4,595 

0.66227 

6 

0 


21.53 

4.644 

0.66690 


1 


21.30 

4.694 

0.67153 


2 


21.08 

4.744 

0.67616 


3 


20,85 

4.795 

0.68079 


4 


20.63 

4.846 

0.68542 


5 


20.41 

4.898 

0.69006 


6 


20.20 

4.951 

0.69469 


7 


19.98 

5.004 

0.69932 


8 


19.77 

5.058 

0.70395 


9 


19.56 

5.112 

0.70858 


10 


19.35 

5.167 

0.71321 


11 


19.15 

5.222 

0.71784 


12 


18.95 

5.278 

0.72247 


13 


18.75 

5.335 

0.72711 


14 


18.55 

5.392 

0.73174 


15 


18.35 

5.450 

0.73637 


16 


18.16 

5.508 

0.74100 


17 


17.96 

5.567 

0.74563 


18 


17,77 

5.627 

0.75026 


19 


17.58 

5.687 

0.75489 


20 


17,40 

5.748 

0.759S2 


2! 


17.21 

5.810 

0.76416 


22 


17.03 

5.872 

0.76879 


23 


16.85 

5.935 

0.77342 

7 

0 


16.67 

5.999 

0.77805 


6 


15.64 

6.395 

0.80584 


17. 


14.67 

6.817 

0.83362 


18 


13.76 

7.268 

0.86141 

8 

0 


12.91 

7.748 

0.88920 

6 


12.11 

8.260 

0.91699 


12 


11.36 

8.806 

0.94477 


18 


10.65 

9.388 

0.97256 

9 

n 

9.99 

10.008 

1.00035 


6 

1 9.37 

10.669 

1.02814 


17 

1 8.79 

11.374 

1.05592 


18 

1 8,25 

12.126 

1.08371 

10 

0 

1 7.74 

12.927 

1.11150 

12 

1 6.81 

14.692 

1.16707 

11 

0 

! 5.99 
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Constituents of Living Matter* - Carbohydrates 

(For references sec page 312) 


Carbohydrates ' 

Carbohydrates ate carbon compounds containing hydrogen and 

general empirical formula l^mg 
C»{!IjO)i,* *. The term is also extended, however, to oxidation and 
reduction products of carbohydrates proper, as well as to their 
simple derivatives such as amino and phosphorylatcd sugars. 

Carbohydrates are frequently referred to as ‘sugars’ (saccharides) 
because many of them possess a sweet taste*’*-* but actually the 
term ‘sugar’ is only loosely defined and may denote a wide variety 
of carbohydrate compounds. To the carbohydrate chemist, how- 
ever, it means a mono- or oligosaccharide but not a polysaccharide 
(see below). Mono- and oligosaccharides arc given names with the 
suffix ‘-osc’, c.g., glucose, fructose, lactose. 
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TfiaflfI 
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t It ; 

Kh 
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i'/OH 

Kh 
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Kh 

Chain form (aldoses) 

Ring form 

Qiain form (ketoses) 


The compound formed is an intramolecular hcmiacetal (w 
derived from an aldose) or hcmiketal (when derived from a ketc 


Monosaccharides 

Carbohydrates that cannot be split further by hydrolysis arc 
called simple sugars or monosaccharides. Their general empirical 
formula is [C(H,0)]„ and they arc classed as aldchydic alcohols 
(aldoses) or kctonic alcohols (ketoses). Those of importance to 
mammafs arc listed in Table I (pages 313-31(3). 
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Sugars with chain lengths of 3, 4, 5, (3, etc. carbon atoms arc 
known as trioscs, tetroscs, pentoses, hexoscs, etc.*. The number- 
ing convention is shown above in the structures of glucose and 
fructose. 

The open-chain form of sugars (aldehyde or ketone form) 
normally occurs only in aqueous solution, where it is a transitional 
form in equilibrium with the ring form. The latter is the rule with 
carbohydrates of longer chain length, and with few exceptions the 
ting is usually 5- or 6-mcmbered. By analogy with the similar hetero- 
cyclic compounds** furan and pyran, these ring forms arc known 
as furanoses and pyranoses respectively: 
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CH 

II 

11 

CH 
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CH 
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CH 
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Furan Pyran 


The ring forms arc formed from chain forms by the reaction of 
the hydroxyl group in the 4 or 5 position with the carbonyl group. 
Carbon atom 4 is involved in the ease of furanoses, carbon atom 5 
in the case of pyranoses. This results in the formation of an oxygen 
bridge between the carbon atoms concerned and of a hydroxyl 
group on the carbon atom of the original carbonyl group: 


# -ruje rVnntcr. ’Constituents of Living Matter’, has been written in cunsul- 
tat ■ . 

of ‘ ^ ^ 

istij, L... ... . 

versity of British Columbia), J.R.Qoayu; (Department ot Minouiuiog,. .^... 
versify of Sheffield, England), J.M.LowENSrttN (Graduate Pcpartfflcnt of 
Biochemistty, Btandeis University .Waltham, Mass-.USA) and P.R.Racc.stt 
(D epartment of Biochemistty, University of Oxford, England). 

^ »♦ There are compounds with this empirical formula that do not fall into 
the category of carbohydrates, such as acetic acid, lactic acid, phloroglucinol. 
*»» The sweetest of the sugars is fructose. Polysaccharides have no taste, 
+ yiceording toBEii-vram (1938) these names are derived from the number 
ofoxygen atoms. In the case of ‘ordinary’ monosaccharides (C(H,0)1„ both 
noSnclaturcs are identicai. They are different m the case of s-jbst.tut^ ^d 
dcoxv sugars. In general the nomenclature based on the number of carbon 
“ ! more comtnon/y used and permtis n hater urtdefsnaimg of cai- 

faoM«- niXSmTanLism of L carbon chain from small molceolcs 

“tt HraScs molecules in which .apart from otbon atom, the 

ting contains at least one atom of another element. 



Acetal Hcmiacetal Keral Hcmiketal 


The hydroxyl group attached to the hcmiacetal or hemike 
carbon atom (C-1 or C-2 respectively) is particularly reactive anc 
known as the glycosidic hydroxy]. It combines readily with 1 
alcoholic or phenolic groups of other molecules, and when tl 
reaction takes place with a compound that is not another su{ 
(an aglycon), the resulting compound is known as a^iyraside: 


Aglycon rraid 



Sugar Aglycon (here methanol) Glycoside (methyiglycosid' 


When the reaction takes place with a molecule of another sugt 
the resulting compound is known not as a glycoside but as a di 
saccharide (cf. ‘Oligo- and Polysaccharides’, page 312). 


Stereochemistry of sugars 

The stereoisomerism of sugars and related substances is o 
particular importance in biochemistry*, and for this reason it wil 
be dealt with in some detail here. For a more thorough treatment 
of the subject sec Honeyman^. A carbon atom with four differen 
substituents, for example C-2 of glyccraldchydc, is known as ar 
asymmetric carbon atom. This grouping cannot be superimposed or 
its mirror image and the resulting lack of symmetry gives rise to o 
type of isomerism associated with optical activity. The two possible 
spatial configurations of the substituents can be readily seen if one 
imagines the asymmetric C atom to be in the middle of a regular 
tetrahedron with the valencies pointing to the comers. The two 
possible configurations of glyccraldchydc shown as an example in 
Figure 1 cannot in any way be superimposed one upon the other. 
They arc related to one another as an object to its mirror image, 
and arc known as cnantiomorphs. No such asymmetry exists with 
a carbon atom possessing at least two identical substituents. 

Enantiomorphic isomers arc optically active, i.c., in solution one 
of the isomers rotates the plane of polarized light to the right, the 
other an equal amount to the left. The degree of rotation depends 
on the length of the poiarimeter tube, on the wave length of the 
polarized light, on the concentration, and on the solvent and its 
temperature**. The direction of rotation w.is originally indicated 
by prefixing the name of the isomer by destro (d-) and i-.iro (/-) 


* Stetcoisometism i, of inipottancc in nature not only for carbohydrates but 
for all compounds where stcrcoisotners are possible. TTiis is because as a tufc 
only specific stereoisonters arc syntbesiTcd or degraded in naturally ocairting 
reactions (this is a characteristic difference compared to laboratory synihesish 
One rc.ason is the stercospccificityof many enz> mcs.but the fundamenta! mech- 
anism is unknown. 

* * The specific rotation let] is defined as the rotation in degrees of 1 g of sub- 

stance in 1ml of solution in a tube with a length of 10 cna.Thc n-I!ne of so<h'um 
is as a rule used as a source of light. The temperature, wave length of ibe inei- 
dent light, nature of the solvent and the concentration must also he inctudal 
■where these diverge from the dermition, e.g.. lal’i,’’, 20% (H,0) - 12'. 


Constituents of Living Matter - Carbohydrates 

(Tot Rfeicacci kc pige 312) 



Mcso Toms do not occut in the use of sugars since the carbc 
group on one side of the ring renders meso-symmetry impossi 
The classiiication of catbohydrate molecules is based on t! 
reladonstup to the simplest optically actire sugar, gtyceraldeh; 
to which Rosanoff* irbittatily assigned the following c 
figurations* 

Projection fotmulae (FisCHts) 



Deitcorouuiry 

gl]rctnl<lchrite 



LaeToroutoty 

glyccratJehyde 


(Wiih the cacbonyl (coup at the top. ihe hyiiroxyl group ii written on 
eight of the ssynutieitie carbon atom in the caie of the deitroroiatocy c 
pound, and on the left In the caae of the Ueyorotatory compound } 



I Atomic modela 

11 TetBhedral rapreiemaiion of I The edge of the tetrahedron loining 
C*1 and C-3 (imagined to be in or below the plane of the paper) la 
inviaible. as la also the atyirurcttie carbon atom C 2 tying maije the 
letnhedren 

lit CDneentianal eepteaentauon of the tetrahedron The edge between 
C*l and C-3 In the plane of the papee is indieaied by a brolen line 
the other edges {ill iboee the plane of the papeejby fonjioea 


the parent aubstance 


increase or decrease 




respeetiTtly. The altemaiiee symbols (-h) and(-) are now more 
commonly used*. 


A racemate must not be confuse J with an opiieatly ina«i»c wr/o 
form. A m/f form may arise in the case of a molecule possessing 
more than one asymmetric centre w here the configuration is such 
that there Is a plane or centre of symmetry m the molecule as a 
whole The various directions of rotation then cancel each other 
out wuhm the molecule (internal compensation) These racemic 
and meso forma ate illustrated by the cases of fanatic acid and 
heeihyJroheaahydtoaybeniene 



Iioinen of lartarie acid 


. . - plane of sjnuneity 

Iccn 


(idcmicil forma, la can be aern by fonongone 
thTOugh ISO* In ihe plane of the paper) 


Iiomers of henhydiohruhydroiybeiuene (moeiiol) 



(The rertical Lnea Indicate the potitHina of the OH group*, the broken hnca 
■he planes of ayramttry ) 


* The use ofihekittrsdand /to Jrnoit optical rntation ii now discouraged 
m farour of divme and itires. or better ( + ) and ( -). pL le likewise piefrrred 

•• h'thoosH all itructutts are forms and epticalls nactise, llw ninw 
mrujmosicol la cnn/lned to the fifth compound from the left 


methods 

With a few exceptions, all nacvratly occurring sugars belong 


group, thus introducing an additional iiymmetric centre. The t* 
scereoisomets oft cyclic augar molecule arising In this way i 
denoted by the symbols a and 3 (after Hudson*;, the designatii 
a being giTcn to the Isomer in the D-ieties that is more itront 
/rvfrvfotttary and to the isomer m the L-serles that is mo 


H -m «a»^ W 
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The a-tn.) h-iton.*,. 


Hlk yCH, 


. AlJoie Ktiose 
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ri,i;.2 Configurational relationships of the D-aldo-sugars 
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1 

CHjOH 



D-Erythrose 

1 

D-Threose 

I 


i 

i 

1 

1 

CHO 

1 

CHO 

CHO 

CHO 

imi 

j 

1 

■ • HOCH 

j 

HCOH 

1 

HOCH 

HCOH 

1 

j 

HCOH 

J 

j 

HOCH 

j 

HOCH 

HCOH 

HCOH 

j 

HCOH 

j 

HCOH 

1 

CHjOH 

j 

CHjOH 

1 

CHjOH 

j 

CHjOH 


D-Ribosc D-Arabinosc D-Xylose D-Lyxose 


i 

1 

1 

1 

I 

1 

1 


CHO 

CHO 

CHO 

CHO 

CHO 

CHO 

CHO 


HCOH 

HOCH 

HCOH 

HOCH 

HCOH 

HOCH 

HCOH 

H 

HCOH 

HMH 

HOCH 

KOCH 

HCOH 

HCOH 

HOCH 

H 

HCOH 

HCOH 

HCOH 

KCOII 

HOCH 

HOCH 

HOCH 

HI 

HCOH 

HCOH 

HCOH 

HCOH 

HCOH 

HCOH 

HCOH 

i 

CHjOH 

CHjOH 

CHjOH 

CHjOH 

CHjOH 

CHjOH 

CHjOH 


u-Allose 

D-Altfose 

D-Glucose 

D«Manoo$e 

d-GuIosc 

U'ldose 

!>• Galactose 

D-1 



d-G1ucosc tt'O-Glucopyranosc a-o-Glucofuranose 


The ring formulae of type II arc commonly used because their 
relationship to the chain formula I can readily be seen. However, 
although the steric relations of the secondary alcohol groups 
(-CHOH) forming the ring are correctly represented by these 
formulae, they do not give a true picture of the steric configuration 
around the C atom to which the oxygen bridge is attached (C-5 in 
the case of glucopyranose, C-4 in the case of glucofuranosc). This 
arises from the fact that it is the convention, as described above, to 
write this group in the chain formulae of the o-series with the OH 
group on the right. 

In the case of the pyranoscs, a more correct type of projection 
formula is that illustrated by HI and W for glucose (derived by 
imagining the bond between C-4 and C-5 to be rotated through 
180° before ring closure): 

CHO HCOH 

nioH HCOH 

HOCH HOCH M 

HCOH HCOH 

HMH HOHjCGH 

CHjOH 

III 

d-GIucosc a-n-Gluco- 

pyranosc 

and IV however, the v- .and u-configurations 
OH group attached to C-5 arc no longer readily 


In formulae III 
respectively of the 


CHO 

HCOH 

1 

1 

HOCH 

HOCH 

J 

1 

HCOH 

HCOH C 
1 

1 

HOCH 

HOCH 

HicHjOH 

HOCH 

CHjOH 

IV 


l-G1ucosc P-t-Gluco- 

pyranosc 


recognizable. These defects of the Fischer projection for 
led Haworth to introduce a type of ring formula in whi< 
steric relations of the groups are shown unequivocally. Thi 
is imagined as being looked at obliquely from above, the 
thickened edges being those nearest to the observer: 



Furanosc ring Pj-ranosc ring 


The positions of the substituents correspond to those ir 
mulae of type III and IV : 



In the case of the furanosc forms of hexoscs, ring closure rci 
in the formation of a side chain. When, as in the case of gl 
furanosc, this side chain contains an asymmetric carbon atoa 
configuration in the Haworth formula must be shown by mi 
of an appropriate convention. The derivation from the projee 
formula is best illustrated by the example of a-D-glucofuranosi 



For convenience in writing the formulae of polysaccharides : 
other complex sugar compounds, the Haworth rings arc soi 
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(for icfricans m page 312) 

Cenfigurational relationship! of the u-keto-sugirs ^ 

CO 

CH^ 

Dihjdrnijaceione 




It H nov known that the pyranose ring is not planar, 
of Its piopeities can be explained on the assumption that 
'chau* foam. The furanose ring is usually planar. For fur t 
of the conformational analysis see the literature* 


Amino lugarsr 

Amino sugars sre components of r«lysaccharidcs {sec I 
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Sugar phosphates 

Phosphorylalccl sugars arc intermediates in glycolysis; they arc 
components of nucleic acids, nucleotides and polysaccharides” (sec 
Table 2, pages 317-321). 

The stability of phosphate groups toward acid or alkaline hydrol- 
ysis varies over a wide range ' * and, as yet, detailed correlation be- 
tween the rates of hydrolysis and the position of the groups has 
not been made. Under conditions of acid or alkaline hydrolysis, 
migration of the phosphate group may occur, e.g., in the case of 
the phosphoglyccric acids 

Polyhydrlc alcohols” 

These compounds, which may be considered as reduction prod- 
ucts of the monosaccharides, arc of wide occurrence in plants but 
of limited occurrence in mammalian tissue. They are mostly crys- 
talline compounds, generally possessing a sweet taste and devoid 
of any reducing properties. Those of importance to mammals arc 
listed in Table 3 (page 322). 

Ptitnaty oxidation products of carbohydrates 

The nomenclature of the products of the oxidation of the ter- 
minal groups of aldoses is derived as follows: 

CHO 

(CH0H)„ 

oxidation I oxidation 

of terminal Cn2Cln of terminal 



COOH 

Saeehatic acids (acic acids) 

Oxidation products of carbohydrates of importance to mammals 
arc listed in Table 4 (page 323). 

Oligosaccharides 

Oligosaccharides arc composed of monosaccharide molecules 
or their derivatives linked together through glycosidic linkages. 
The linkages may be glycosidic on one side only or on both sides. 
In the nomenclature of oligosaccharides, the sugar units in corri- 
pounds of the former type are given the suffixes ‘-osido’ and 
while those in the latter type arc indicated by ‘-osido’ and ‘-osidc’. 
This is illustrated by the following scheme: 




The term oligosaccharide is generally used to designate compou 
containing between two and ten monosaccharide units per m 
culc. Oligosaccharides may be reducing or nonicducing, depe 
ing on the presence or absence of free hcmiacetal hydroxyl grot 
The constituent monosaccharides are set free from an oH 
saccharide by acid or enzymic hydrolysis. 

The principal oligosaccharides of importance to mammals 
given in Table 5 (page 324). A great variety of oligosaccharide 
encountered in the plant kingdom. 

Polysaccharides 

Polysaccharides, like oligosaccharides, are built up from 
variety of monosaccharide units and their derivatives. They dil 
from oligosaccharides in that their molecules contain from ten 
to several thousand monosaccharide units. The most commonly t 
cutting constituent is D-glucosc. However, D-mannose, d- and L-j 
lactose, D-xylose, L-arabinosc, utonic acids (o-glucuronic, o-gal; 
turonic and D-mannutonic acids), amino sugars (o-glucosamii 
D-galactosamine, their N-acctyl derivatives and sulphate esters) : 
also found. In contrast with the oligosaccharides many of the po 
saccharides arc insoluble and nonreducing. 

Their structure has been investigated by chemical methods' 
e.g., by methylation and subsequent hydrolysis, by periodate o: 
dation, and by enzymic methods’®. The determination of t' 
molecular size of polysaccharides involves physical mcasuremcr 
of properties such as osmotic pressure, behaviour on ultraccnt: 
fuging, viscosity and light scattering 

Polysaccharides may serve as: 

(a) structural materials, e.g., cellulose (plants), chitin (insects ar 
crustaceae), chondroitin sulphate (cartilage)’®, 

(b) food storage, e.g., glycogen (animals), starch (plants), 

(f) lubricants in synovial fluids, constituents of special tissues (vitn 
ous body of the eye ; connective tissue), components of mucu 
heparin, blood-group substances ’®. 

The principal polysaccharides of importance to mammals at 
listed in Table 6 (pages 325-328). 
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’h 1 Monosacchatidej of importance to mammals 

Some of the more Important lugars that ate constituents of tobiances of medicit inieRit are also included in this table 


Ns me 

Fotmula 

Smctort 

Specilic rotation 


-Glyceraldehyde I 

(2^-dihydroiy' 
ptopanil) 1 

C,H,0, 1 
90 08 

era 1 

MCOK 

Km 1 

r«i? + i3.5" j 

i 

' As phosphate ester (see 1 
2, page 317) 

•Dihydroxyacetone 

{1,3-dihydtoxy- 

propan-2-one) 

C.H.O, 

90 08 

CHjQh CH^Ifl 

CO or jpi) ' 

Km moif 


As phosphate ester (see T 
2, page 317) 
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'IM 1 (tomirnnd) Monos.icclinridcs of importance to mammals 


Nnmc* 

Tormula 

ond 

mol.wt. 

Structure 

Specific rotation 

Occurrence 

U-IUbose (Rib) 
(ij-ribofuranosc) 

C,H„0, 

150.13 

rCii 

11 N’- Y 

OH OH 

ta]“-23.7°(4% soln.) 

Universal occurrence as con- j 
stituent of nucleosides, nu-j 
cicotidcs and nucleic adds, i 
For phosphates see Table 2, 1 
pages 317-318 i 

i 

rj-Ribu/osc 

(D-rrj'//(r£ipciituiosc, 

D-adonosc, 

D-atabulosc) 

CiHioOl 

150.13 

Clkflfl 

1 ^ 

CO 

tm 

hIoii 

1 

CHjOH 


j 

As phosphate esters (see Table i 
2, page318). Intermediary me- j 
tabolite in glucose oxidation 1 

1 

D-Xylulosc 

(D-//;rfopcntulosc, 

D-xyloketose, 

D-lyxulosc, 

D-l)'xokctosc) 

CjHiqOj 

150.13 

CH.Oll 

1 ^ 

CO 

1 

flOCH 

HCQH 

1 

CHjOH 

[oe]»-33° 

As phosphate ester (see Table ! 
2, page 318) 1 

! 

1 

1 

L-Xylulosc 

(t-Mrropcntulose, 

i-'sylokctosc, 

L-lyxulosc, 

L-lyxokctose) 

C.H.oO. 

150.13 

CHjOH 

f' 

HCOH 

HOCH 

(IhjOH 

+33° 

1 

In urine in pentosuria i 

) 

D-Fructosc (Fru) 

(2-kcto-D-arabobcxosc, 
laevulosc, fruit sugar) 

180.16 

Hexosts 

j<i^. 

OH H ! 

p-D-Fructopyranose 

oh 

fv’ 1 

H Nil Y CHjOH 

OH H 

3-D-Fructofuranosc ’ 

I 

0-form: j 

*-133.5'^-^ -92^ ; 

c 
1 
} 
! t 

1 *■ 
! a 

i 

i 

1 

i 

] 

t 

1 

^s phosphate esters (see Table ! 

1, pages 318--319). Component ’ 
jfmany polys.accb.aridcs(com- , 
)incd with glucose insuctosc). j 
das pyranose form when crys- 
alline but futanosc form in ali ; 
atural products. Sweetest of' 

11 known sugars 

D-Galactose (Gal) 
(ccrebrosc, brain 
sugar) 

C.H„0. 

180.16 

CHfiO 

HO /? V H \ OH 

<: .> > ' 

H X. . Y m X H 

H OH 

) 

x-form; ( Present in niammali.in tissues ' 

«]” + 144“-v + 80.5° I as phosphate ester (see T.ablc 
3-form: 12, page 319). Component ofi 

a]« 4 - 54''_j. 80.5° ' ccrcbrosidcs andgangliosides, 

1 and of polysaccharides both 
' as sugar and derived amino 

1 sugar (c.g., lactose, rafiinosc, ‘ 

1 stachyosc) 

D-Galactosamine (GalN) 
(D-chondrosaminc. 
2 -amino- 2 -deoxy- 
D-galactose) 

C.H„NO. 

179.17 

CHjOH j 

HO /F \ H \ OH p 

V X A ‘ 

H NHj 

-form, IHCI; \V 

ct]“ + 135°-^ + 93° CO 

-form, IHCl; ; 

*]'" + 39°-^ + 93° /■■•f 

' he 
i gli 
sta 
Ta 

idely distributed in nature as ■ 
mponent of hyaluronic acid, 
icopolysaccharidcs, carti- 
c, tendons (chondroitin), p- 
a.irin, lipoids, cerebral g.in- 
osidcs, blood-group sub- 
necs, glycoproteins (see ■ 
ale 6, pages 326-328) 

Jufon of lifoc'hemutr)- (J. i 

. t, 1. „ rfcommcndctl bv the Combined Cbm- and AppliedChcm.strj-and thcIntcrration.il 

ar...2.1.527 ,.%6p. 
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Table f (eonchtM) Monosncchnridcs of importance to mammals 


Name 

Formula 

and 

mol.wt. 

Structure 

Specific rotation 

Occurrence 

iV-Acctyl-n-mannos- 

nminc 

C.H,.NO. 

221.21 

CHjOll 

11 H 

M”- 9.4 “-^-1-9.7' 

Intermediate in biosyntl 
of A/-acetylneuraminic ad 

D-Scdohcptulosc 

(o-fl/Zroketoheptose, 

D-(7//rflhcpttilosc) 

210.19 

Heptose 

CH,0fl 

1 ^ 

CO 

1 

IIOCII 

1 

llCOtl 

iiioti 

1 

IICOII 

1 

CHjOH 

[a]“ + 2-3° 

Ba salt: 

Hi;., + 8° 

As phosphate esters (seeT: 
2, page 321) 

JV-Acctylncuraminic 

acid 

CllHloNOg 

309.28 

Nonoses 

H 

CHvCO NH A V COOH 

^ i>4 

OH H ^ 

-OH 

-OH 

HjOH 

[a]“-32“ 

No mutarotation 

Component of mucins of c 
thclii secretions (c.g., dig 
tivc and urinary tracts), sen 
glycoproteins, milk oligos 
charides, brain gangliosid 
erythrocyte stroma, baaei 
cell walls 

Af-Glycolylneutaminic 

acid 

CiiHijNOio 

325.27 

H 

HOCH 2 CONH//F COOH 

H \|L— - 

OH H 

R: 

-^OH 

-H)H 

CHjOH 

9 ^ 

; 

Component of mucins of c; 
thclial secretions, scrum glyc 
proteins, crjthrocytc stron 
Often in the same molecule 
A^-acctylncuraminic acid 

5-AZ,4-0-Diacetyl- 
ncuraminic acid 

CisHjiNOio 

351.31 

H 

CHjCONH/t “WOOH 

0 C 0 CK 3 H 

-OH 

-OH 

IjOH 

[a]“-61° 

No mutarotation 

I 

1 

1 

Equine submaxillar)' mucin 

5-Af,7-0-Diacetyl- 
neutaminic acid 

C„H.,NO„ 

351.31 

H 

CHj-CONH/'l COOH 

OH H ' 

: 

MiCOCHj 

^OH 

HjOH 

[a]»-f8= ! 

After 400 h - 17° | 

Bovine submaxillarj’ mucin 

5-iV-Acetyl, 0-diacetyl- 
neuraminic acid 

C„H„NO,. 

393.35 

H 

CH 3 CONH/I “XOTH R 

4 

OH H ? 

-OCOCH 3 

"’’[h.COCHj 

jO! ^ 

i 

[a]»-F9° 1 

] 

! 

I 

i 

Bovine submaxillary mucin 

1 — 
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Sugar phosphates of importance to mammals 

(No! Inciuiling ngc1wu<3es, for «hich kc TabUi lOe. 11 and 12. pageiM2-3Stl) 


Name 

rotmula 

Structure 

tUemeotacy 

co(ni>osition 

rotation 

Piologicil 

Refer- 

(»« 

page 

S2J) 


r„ 

P 

Iroiyaeetone 

C,H,O.P 

17006 

CO 

CNjOVr 

31 19 

1 

415 

i82r 


Intermediate of 
glycolysis 


ceraldehyde 

hosphate 

isciier-Dser 

tt') 

C,H,O.P 

17006 

.P 

CHjCPOjH, 

21.19 

415 

18 21| 

[»]!,• + 14* 

Intermediate of 
glycolysis 


■cerol 

'hosphate 

C,H,O.P 

17208 

HOCH 

^OH 1 

2094 

5 27i 

18 00 

[«!!>•- MS" 

(Ba aalt) 

Intermediate of 
fat metalaolism 
Component of 
phospholipids 


rceric acid 
thosphate 
IlnssuNQ ester') 

C,H,0,P 
]86 06 

CODH 

: HljoMjH, 

1937 

379 

1665 

W!,* + 13" 

(l-N HCl) 
l»lJ.’ + 3 6" 
(water) 

Intermediate of 
glycolysis 


yeetic acid 
jihosphate 

Cslt,0,P 1 
186 06 

MH 

n|»l 

19 37 

379 

16 65 

W!,*-14 5" 
(l-N Ha) 

Intermediate of 
glycolysis 


yetiK aewl 
l-diphosphate 

CalWiaP. 
266 04 

1 

hW 

OVWjK, ' 

1354! 

303! 

1 

23 29 

[ali;-23" 

Ifttetmediate of 
glycolysis 


yetiic a<td 
IsJiphosphate 

C,H,0,.P. 
266 04 

hW, 

13 64 1 

1 

303' 

1 

23 29 

ta)g-2 3“ 

Inieirntdiate ©f 
glycolysis 

! ' 

iiic acid rnol 
losphate 
■hosphopTruTic 
W) 

rythrose 

phosphate 

C,H,O.P 

168 04 

WjNl 

CN, 

21 44 ' 

300 

18 43' 

1 

1 

Intermediate of 
glycolysis 


C.H,0,P 
1200 09 

fOH 

( 

tCOH 

2401 


15 48 

L_.. 1 

1 

1 Intermediate of 

1 pentose phos- 
phate cycle 

1 


rythnilose 

•pbosphjie 

! C.H,0,P 
|200 09 

CKjOPOjH, 

CO 

KCM 

CHjCtI 

2401 

4 53 

! 

15 48 

L 

Funaion not 

1 known 


•Kihose 
-phosfvhate 
futanose form) 

C,Jl..O,P 

23011 

rO. 

" Fi;. 

2610 

! 482 

13 46 


Intermediate of 

nucleotide 

metahotism 
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2 (cenlmutJ) Sugat phosphates of /mportance to marntnab 


Nitne 

Formula 

StructuK 

Eletneniary 

compoituon 

rotatjOQ 

Biological 

function 

Refer- 




c 

H 

P 



32!) 

phosphate 

uanose form) 
'Jeoierc ester’) 

Cjl„0,p 

260 14 

< 

kWh, fi 

m H 

27.70 

504 

11.91 

Wy-f3.58* 

(Ba salt) 

Intermediate of 
glycolysis 


tuctose 

6-cLpho«phate 
utanose form) 
Harden-Younc 
L tet’) 

C»»i.O.,P, 

34012 


21 19 

415 

16 21 


Intermediate of 
glycolysis 


-Galactose 
•phosphate 
^yranose form) 

CJ!.,O.P 

26014 

. « 

27 70 

504 

1191 

I*)y + 148 5' 

Intermediate of 

galactose 

metabolism 


jabetosanune 

•phosphate 

1 C.H,4N0.P 

1 259 IS 

1 

1 

1 

t 

M 

HOyT 

H ill, 

27 81 

545 

1195 


F«mtd from 
galactoaamme in 
brain tissue 
extracts and 
SaeiAartmjiet/ 
fragi/it 

as 

>GIucose 
l-phosphate 
[pyranose form) 

[ Coat ester’) 

C4f„0,P 

1 260 14 

1 

fs» 

2770 

$04 

11.91 

WL* + 120* 

Intermediate of 
glucose*glyci>- 
genmterconver. 


Clwow 
6'pbosphafe 
(pyranose form) 
(■RoiisoM ester’) 

1 C^i.iO.P 

I 260 14 

jsy 

M W 

IT 70 

504 

nn 

Ws;+34 2* 

Intttmtdiaie of 
glycolysis 


D-Ctucose 
t,6-dipboiphjte 
(pytanose form) 

J CJI,.0.,P, 

1340 12 

i 

{•■"ft _ 

21 19 

415 

18 21 

U)i;->9* 

(P»8) 

Intermediate of 
glucose-glyco- 
gen intetconatt- 




Constituents of Living Matter - Carbohydrates 

Table 2 (conlinmil) Sugar phosphates of importance to mammals 



Formula 

and 

mol.wt. 


n-Glucosaminc C,H„NO,P 

6-phosphatc 259.15 


D-Gluconic acid C,Hi,0,oP 

6-phosphatc 276.14 


iV-Acctylglucos- C,H.,NO.P 
amme l-phosphatc 301.19 


Efementary 

composition 


Specific 

rotation 



Biological f 
function 


Formed from 
D-glucosamine 
by yeast enzyme 
preparations and 
by hexokinase 



11.22 -1- 0.2° Intermediate of 

pentose phos- 
phate cycle 


10.28 [«]“-f79° Intermediate in 
the formation of 
UDP JV-acetyl- 
glucosamine and 
AT-acctyl- 
neuraminic acid 


JV'Acctylglacos- 
amine 6-phosphate 

‘ C,H„NO,P 
301.19 

D-Mannose 
6-phosphate 
(pyranose form) 

C,H„O.P 

260.14 



iV-Acetylmannos- 
amine 6-phosphate 

CaHiaNO.P 

301.19 

Af-Acctylneutaminic 
acid 9-phosphatc 

Cl iH joNO 1 jP 

389.26 



mBm 


31.90 ) 5.35 ) 10.28 1 MS* -i- 29.5° | Intermediate in 

the formation of 
iV-acety!glucos- 


aminc and 


neuraminic acid 


27.70 5.04 11.91 [a]*",, -H5.1 ° Intermediate of 

mannose 

metabolism 


31.90 5.35 10.28 MJ* -(- 11.2° Intcrmcdi.atc in ! 

biosynthesis of ! 
I jV-acctyi- _ j 

I neuraminic .acid ■ 


33.94 5.18 7.96 


Intermediate in 
formation of 
iV-acetyl- 
ncuraminic acid 
from iV-acctyl- 
I mannosaminc 
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b!4 4 Oxidation ptoduet* of carbohfdntM 


Name 

Formula 

Stractute 

^cific rotation 

Occurrence 

>-GlycetIc aud 
(»-a,0-dihydroxy- 
propionle acid) 

C.H.O. 

106 08 

AldoHUMlJl 

eOQH 

wjsH 

CK^ 

As phosphate esters (see Table 2, 
page 317} which are intermediates 
in glycolysis 

.-Ascorbic acid 
(L-xyloascotbic acid, 
TitsminO 

C.H.O. 

176 13 

HOCN ^(1>. 

Wj; + 49* 

See under ‘Vitamins’, page 489 

t>-CIucomc acid 
(dextronie acid) 

19616 


talJ*-67»-* + 17.5* 

As phosphate ester (see Table 2, 
page 320), Intermediate in pentose 
phosphate cycle 


Main component of pectins Also 
oeeutt in tome plant gums and 
mucilages and bacterial polyaae* 
charidea (tee Table 6, pana 325 
and 328) 




Component of mucopolysaccba- 
rides (see Table 6. pages 325, 327 
and 320) Many aliphatic and aro- 
matic hydroxy compounds and 
acidaate excreted at glucutonidcs ' 
(see alio page 442) Has pyranose j 
form In natural products 


Component of chondroitin sul- 
phate B (see Table 6. page 326) 




Znd «d . Chapman & Hall, London. 1959. 
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Constltuenls of Living Matter - Amino Acids 


nino aeldt’ 


Kn amino acid is any compound containing on« ot more ammo 
mps and one Of more caiboaylic acid groups Those of btologi- 
impoitance genecaUy contain an amino group in the a-posiiion 
a catboiyl group, i e , they are of the general atrueture 
NHj NHj 

n-i-com •Zwittenon’ R-C-COO' 

H K 

The asymmetry about the a-catbon atom renders the amino 
ds optically actire, except when R — H, as in glycine. Their 
menclature is similar to that adopted for the carbohydrate scries 
d involres the use of the small capital letters a and l to mdicate 


constituents of physiologically active compounds. 


Polypeptides 


proteins is referred to simply as the t-isomef. This is not, of 


The ma)ority of smino scids are stable compounds and melt 
ove 200 *C u ith decomposition , they are Insoluble m the com* 
on neutrtl solvents except water, and can usually be reetystallired 
3m aqueous ethanol Their tsl(>ltke behaviour can be ascribed to 
ei( existence as internal salts, or ’rvittetions’ (see above) 

The ammo aeids behave as tmphotetie compounds and possess 
laraetetiitie isoelectric points, many of their physical profiles 
hibic maxima and minima at these pomts 
Ammo acid analysis may be carried out by adsorption chromaio. 
aphy on itateh, paeution chromatography on silica gel and 
iper, ion*exehange ehtomatography, electrophoresis, ihin-lilm 
ifomatogrsphy, snd vapour phase chromatography A single 
n-exehange column is now sulhcient for the separation of all the 
immon ammo acids and an automatie analyser bated on this 
'Ocedure is now eommereially ivailsbie htany methods exist for 
le quantitative estimation of ammo acids isotope dilution. cnxy> 
atic assay, mietobial assay and ehemicxi methods' * 

There sre three methods of quantitative estimation applicable to 
le majority of ammo acids 

'iAmino aculs eontaimng a primary immo group eeact with 
ctiKoua acid to give nittogen 

(i-cnoi'(,)cooti*ffl3, »R-eiKtw>caw*i(,*tf;C 

This forms the basis of van SLTxe'a method ot estimation, the 
nitrogen being measured volumetncallya or manometrically* 


I) Ammo acids contaming free carboxylic and primary a-ammo 
groups are oxidized on heating wiih nmhydrin 



NirUirdrin Hrdrindimin AMch^dc 

(mlttohyjfuvlene 


Either NH, or CO, can be quanficatirely measured^ Alter- 
naiivelv, the blue colour forming above pH 2 when the reaction 
mixture is heated, due to the following reaction, can be used 
for quantifative estimations* 

TiA«r*yJnnJene I tydnndantin DiletohrdtindyUlen*- 

UiketohTdnndammc 

• ) Fonraldehriic reacts with the ammo groups of an ammo acid 
and thus reduces tbeit basicity, this allows the acid to bedirectir 
titrated with alkali using phenolphthalem as indicatof > 


Polypeptides ate compounds bmk up of the re; 

flTlt 


They are derived from ammo acids by elimination < 
gives rise to the peptide bond -HN • CO- between 



si^ve readily m aqueous salt solutions, pnlammu, 
ubie m alcohol-waier mittuies bur not m pure al 
water, and various other classes 


levels of structure is prelerable". 


spcstiopnotometnc metnods " 


' Tortletarlcd and cotnprchensiire inrormalion en all aspec 
sbemitryaee CtsaxireiN and WiNrix. Chmutr} ,fH, Am. 
Academic rmi. New Yolk, iy«t ' 

* Nf uwacca. A . tnUm cirm , d, 297 (1 948) 

•*' Caasw.TEiN,J P 





tw.JS. 13(1! 



Table 7 Physical and chemical properties of amino acids occurring as protein constituents (for references sii page 333} 
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Table 7 (continued) Physical and chemical properties of amino acids occurring as protein constituents 















Table 8 Physical and chemical properties of some amino acids not occurring in proteins but found in the free form 
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Constituents of Living Matter - Nucleosides and Nucleotides 


Nucleosides and nucleotides 

A uuctcosidc is a sugar linked to a heterocyclic base. A nucltoHdi is 
a nucleoside in which the sugar is cstcrificd with phosphoric acid. 

j base j- - sugar j 
Nucleoside 


base j j sugar j j phosphate 

Nucleotide 


The bases found in nucleosides and nucleotides arc most com- 
monly purines and pyrimidines. Others include pyridincs and iso- 
alloxazincs. The parent compounds of these bases are: 



Purine Pyrimidine Pyridine Isoalloxaiinc 

(1,3-diazinc) 


The sugars found in nucleosides and nucleotides are most com- 
monly either ribose or 2-deoxyribosc : 



Ribosc 2-Dcoxyribose 

(P-D-ribofuranose) (P-D-2-dcoxyribofutanosci 

The base-glycoside linkage of nucleosides and nucleotides oc- 
cupies the 9-position in the case of purines and the 3-position in 
the case of pyrimidines. Esterification of nucleosides is not con- 
fined to orthophosphoric acid. It occurs also with pyrophosphoric 
(diphosphoric) acid and triphosphoric acid. 

OH OH OH OH OH OH 

I II III 

ho_^_oh ho-p-o-p-oh ho-p-o-p-o-p_oh 

0 0 0 0 0 0 

Orthophosphoric acid Pyrophosphoric acid Triphosphoric acid 

(monophosphoric acid) (diphosphoric acid) 


The nomenclature of the nucleosides and nucleotides i: 
strated by the examples given in Table 9 opposite. 

The naturally occurring nucleoside mono-, di- and triph 
have the sugar-phosphate ester linkage in the 5'-positior 
tions are the nucleoside 3'-monophosphates and the m 
3',5'-diphosphates formed during enzymatic digestion 
nucleic acids. In the c.asc of certain coenzymes, a nucleos: 
diphosphate or nucleoside 3',5'-diphosphate structure is 
countered (sec Table 12, p.igcs 344-350). 

Nucleotides and polynucleotides (see Nucleic acids, pag 
354) occur in all living cells. Certain naturally occurrin 
nucleosides and nucleotides have no known function ap: 
being intermediates in the synthesis or breakdown of o 
clcotides (Tables 10a, b, c, pages 338-342). 

Nucleoside di- or triphosphates ate precursors of the 
acids. They act also as carriers of the free energy of pytopl 
bonds. In this capacity, nucleotides may be regarded as coi 
of the frec-cnergy transfer that occurs in many synthi 
degradative reactions. Nucleoside diphosphates are form 
the corresponding monophosphates by nucleoside mo 
phate kinase. This enzyme is analogous in action to a( 
kinase and catalyses the general reaction'; 

nucleoside monophosphate -f adenosine triphospha 

nucleoside diphosphate + adenosine diphosphat 

Nucleoside triphosphates ate formed in turn from the 
spending diphosphates by nucleoside diphosphate kinase ' 


nucleoside diphosphate -1- adenosine triphosphai 

t 

nucleoside triphosphate -f adenosine diphosphati 

A list of nucleoside mono-, di- and triphosphates and thci 
tions is given in Table 11, page 343. 

The nucleotide coenzymes act as carriers of hydrogen 
hydrogenascs) and as carriers of the active forms of sugars, 
acids, fatty acids, dicarboxylic acids, carbon dioxide, and sul 
The roles and modes of formation of nucleotide coenzyn 
listed in Table 12, pages 344-350. 

References 

^ Liebermam ct sX.^J.bioLChert.^ 215, 429 (1955); Gidsom ct 
phys.Acia (Amst.}^ 21, 86 (1956). 
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Ii 9 Nomenclatuie of nucleosides and nucleocidea 

The group o»mc« »rethe tumej 'hich on be af^licd toanjrconpouMof clie tfpf ehown In geneml the term* nucleoside end nucleotide «n 
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Tahlt 10a Compounds involved in the biosynthesis and breakdown of purine and pyrimidine nucleotides: Purines and pyrimidin: 


Name 

Formula and 
mol.wt. 

Structure 

Properties 

Occurrence 

Function 

Adenine 

(6-amino- 

purine) 

C.H.N. 

135.13 

II 

m.p.365‘’C 

(dccomp.); 

picratc298“C 

Occurs in tea, sugar beet, 
yeast, various animal or- 
gans 

• 

Guanine 

(2-amino-6- 

hydroxy- 

purine) 

C.H.N.O 

151.13 

Oil 

^ II 

m.p. 365 °C 

(dccomp.); 

picratc 

258-260 “C 

Occurs in scales and flesh 
of fish 

These bases are the pro 
ucts of the degradation i 
the corresponding nude 
tides.They are further d 
graded by the pathva; 
shown on pages 399-40 
In mammals only adenit 
can be converted back t 
the corresponding nucli 
otidc under normal cot 
ditions but the extent t 
which this occurs is uc 
certain 

Uracil 

(2,6-dihy- 

droxypyrimi- 

dine) 

C.H.N.O, 

112.09 

H 

m.p. 338 °C 
(dccomp.) 


Cytosine 

(6-amino-2- 

hydroxy- 

pyrimidine) 

CjH.NjO 

111.10 

NHj 

H 

m.p. 320-325 “C 
(dccomp.); 
picratc 333 °C 


Thymine 

(2,6-dihy- 

droxy-S- 

mcthyl- 

pyrimidine) 

C.H.N.O. 

126.12 

H 

m.p. 321-325 “C 

1 

5-Methyl- 

cytosine 

(5-methyl- 

6-atnino-2- 

hydroxy- 

pyrimidinc) 

C.H,NaO 

125.13 

NHj 

11 

m.p.270°C 

(decomp.); 

picratc 

290-291 "C 

Occurs in calf thymus nu- 
cleic acid and wheat germ 
deoxyribonucleic acid 

1 


Hypoxanthinc 

(6-hydroxy- 

purinc) 



m.p. 150 °C 
(dccomp.); 
picratc 246 “C 

Occurs in muscle, meat 
extracts, blood, urine (the 
latter especially in leukae- 
mia) 

Product of deamination 
of adenine; precursor of 
xanthine 

Xanthine 

(2,6-dihy- 

droxypurine) 



m.p. 262-264 'C 
(perchlorate) 

Occurs in small quantities 
in plants, blood, liver, 
urine, yeast. Component 
of butterfly pigments and 
rate urinary calculi 

Formed by oxidation of 
hypoxanthinc, or by de- 
amination of guanine; ptr- 

cursor of uric acid 

Uric acid 
(2,6,8-tri- 
hydroxy- 
purinc) 



m,p.> 400 "C 
(dccomp.) 

1.836 

Occurs in urine and renal 
and urinary calculi (in- 
creased in urine and blood 
in gout, leukaemia, ne- 
phritis, pneumonia). Also 
in faeces of birds and rep- 
tiles 

Formed by oxidation of 
xanthine. Chief product 
of nitrogen excretion in 
reptiles and birds, m 
mammals other th.an pri- 
mates further dcgra*d ; 
to allantoin (sec page 4(WJ 

Orotic acid 
(2,6-dihy- 

droxypyrimi- 
dinc-4-cat- 
boxylic acid) 

C.H.N.O. 

156.10 

OH 

xX 

H 

m.p. 345-347 'C 
(dccomp.); 
ethyl ester 200 °C 

Occurs in milk 

’fccursor of 

icid (sec pages 438-43-^} 















uonsiKuents oi i-iving maiier** nut^ivuaiaes ana nucieoiiues 


TM lOi Coinpoufldi involTcd in the biosynthesis tndbreihdovnofpunfle and pyrimidine nucleotides; Nucleosides 

The piuiaC nucleiuides hated In thi> nble ill contain 9-^ 0-nbMiilc m >de(ny(iho>iiJ< linfcaget, the pynmiiJme nucleotidei 3-NQ-iibo*<^ 
•deoxytihn’ide luika^i. For explanation of the notnenjaiuc tec Table 9, p*S^ 3J7. 


Name* 


FortnnU and 


I Adenosine (Ado, A) 
! (nbosyladenine) 


Deoxyadenosine 

(deoxynbosyl- 

adenine) 


! C.aiiaN.O. 

231.25 


StnKtare 


JL^ 





rijy-67.3* 

(OI-mNsOH) 


I Guanosine (Guo, C) 
' (ribosylguanlne) 


Deozy guanosine 
(deorynbosyl* 
guanine) 


Cytidine (Cyd, O I C,H.,N.O, 

(nbosyicyfoeine) 1 243 22 




+ 29 6* 


Function m mammalian tiiiue 


These nucleosides are pro 
uets of the enzymic hydrolyi 
of the corresponding 3'* ai 
S''nueIeotides The nude 
sides in rum sre broken dor 
further by phosphorolysis 
yield tibose I'phosphace 
deoxyribose I'bnoaphate ii 
the eorteiponding base N 
eleoside kinases that form 
nucleotides from nueleosic 
plus ATP ate known to occ 
in yeast and in some aom 
tissues Their importance 
I mammals has not at presi 
been assessed 


* The ihrc«-Vtter rrmhol* ar* thtwe ttcoitunendedhT tbcCombmadCbre- 

Bu»oo onBuxbctmcal Norranclatuft of the Inttreational L’luon of Pwn 
and SrT'*d Chcmittry and the Irntnuticoal Uo«<nof Siocbomanyf/ M 


C»r-.24».527 n9«J) Oth.riymbol. 
Trd or Y for S-nboay lutidine (p,eud, 
andxzKd by the pitfia d (foe eaimple i 


e Thd ot T fof tiboay lihymi t 

ridine) Decay compound* c 

do Of dA fot deoxyidenoiin 
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Tabu 10b (contiiiiud) Compounds involved in the biosynthesis and breakdown of purine and pyrimidine nucleotides: Nuclcos: 


Name* 


Formula and 
mol.wt. 


Structure 


Specific rotation 


Function in mammalian t 


Dcoxycytidinc 

(dcoxyribosyl- 

cytosinc) 


Uridine (Urd, U) 
(ribosyluracil) 


Deoxythymidinc 

(dcoxyribosyl- 

thyminc) 


Inosine (Ino, 1) 
(ribosyl- 
hypoxan thine) 


C,H„N,0. 

227.22 



C.H„N,0. 

244.21 



CioHiiNjOfl 

242.23 



CioHiaNiOa 

268.23 


HOCH, 



* See footnote page 339. 


ML‘ + 40= 


W15 + 9-6' 


Hi,* + 32.50' 
(1-NNaOH) 


[a]» -72.45 “ 
(O.l-NNaOH) 


These nucleosides .ire j 
ucts of the enzymic hydn 
of the corresponding 3' 
5'-nucleotides. The nu 
sides in turn arc broken c 
further by phosphorolys 
yield ribosc l-phosphai 
dcoxyribose l-phosphatc 
the corresponding base, 
cleoside kinases that fori 
nucleotides from nucico 
plus ATP are known to o 
in yeast and in some ar 
tissues. Their important 
mammals has not at pre 
been assessed 


This nucleoside has no kno 
function other than its rok 
intermediate in the syntm 
or breakdown of nucicoti' 
(sec page 400) 


Constituents of Living Matter "Nucleosides and Nuefecli'des 
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Table 10e Compounds involved in the biosynthesis and breakdown of purine and pyrimidine nucleotides: Nucleotides 
With the exception of Inoslnic acid, the compounds listed here have no known coenzyme activity. 


Name 

Formula and 
mol.wt. 

Structure* 

Function 

Orotidylic acid 
(OMP) 

(ribosylorotic acid 
5'-pliospliatc) 

C,.H„N,0„P 

368.20 

OH 

XX 

ribosc-P 

Intermediate in biosynthesis of pyrimidine nucl 
tides. Formed from orotic acid (see pages 438-4 

S-Phospbotibosyl- 

aminc 

(D-ribosylaminc 

5'-phosphatc) 

C.H„NO,P 

229.13 

r . 

IIO-P-OC 

II 

0 

H 

Hj NHj 

r — T 

OH OH 

Intermediates in biosynthesis of inosinic acid (s 
pages 433 and 435) 

Ribosylglycinamidc 

5'-phosphatc 

C,H„N,0,P 

286.18 

1 1 

tUI — C — C — H — fibose-P 

1 11 

H 0 

Ribosylformyl- 

glycinamidc 

5'-phosphate 

C.H„N,O.P 

314.19 

H H 

1 1 

OHC — N — C — C — H-fibosc-P 

1 1 II 

H H 0 

Ribosylformyl- 

glycinamidine 

5'-phosphatc 

C.H„N,O.P 

313.21 

1 1 

OHC-N-C-C— N-tibose-P 

I 1 II 

H H NH 

l-Ribosyl-5-amino- 

imidazole 

5'-phosphatc 

C.H.,N.O,P 

295.19 

XI ' 

tibose-P 1 

i 

l-Ribosyl-5-amino- 

imida2ole-4- 

carboxamide 

5'-phosphatc 

C,H..N,O.P 

338.22 

HjNCO-i 5jj 

I 

ribosc-P 

Inosinic acid (IMP) 
(inosinc 
5'-phosphatc) 

C„H„N.O.P 

348.21 

[j7 X 

1 

ribosc-1 

g— . 

Precursor of adenosine 5'-phosphatc (AMP) ant 
guanosinc 5'phosphatc (GMP) (see Table 11, pagi 
343). Can partially replace certain coenzyme func 
tions of other nucleotides 

Succinyladcnylic 

acid 

(succinyl- 

adenosinc 

5'-phosphatc) 

C.,H„N.O„P 

463.30 

HOOCCHjCHCOOH 

'l 

NH 

Hi iXHn 

ribosc-P 

Intermediate in synthesis of adenosine 5'-phosph3tc 
(AMP) from inosinic acid (sec pages 435-436) 

Xanthylic acid 

(XMP) 

(xanthosine 

5 '-phosphatc) 

C„H,.N.O.P 

364.21 

ribosc-P 

Intermediate in synthesis of guanosinc 5 '-phosphatc 
(GMP) from ittosinic acid (sec page 436) 

• For stnicturc of the ‘ri 

bosc-P’ portion of the molecule see Table 9, page 337. 
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Hi fl Nucleoside 5'>mono-, di> end triphosphate* (S'-nadeotiiles) 


Name 

Abbrexiition 

FororaU 

Mol.vt. 

Funciion 

Adenosine monophosphate 

AMP 

C.Jl..HO,P 

347 23 

Precursof of ADP. Actixates phosphoryla 

(idenyVic »cid) 





Adenosine diphosphate 

ADP 

C,4IhN.O..P. 

427^1 

Itmnedute precursot of polynucleotides, 
other functions see page 404 

Adenosine triphosphate 

ATP 

C,JI..N.O„P. 

507.19 

Pteciitsorof tdenosme coenzymes (see Tabic 
pages 344-346). For other functions see page 

Deoxyadenosme monophosphate 

dAMP 

C,4«.4N.0.P 

33123 

Precursor of deoxyadenosme diphosphate 

Deoayadenosine diphosphate 

dADP 

C,ai..N,O.P, 

411 21 

Precursor of deoxyadenosme triphosphate 

Deoxyadenosme triphosphate 

dATP 

C.J1..N.O..P. 

491.19 

Immediate precursor of deoxyribosepolynuc 
tides 

Guanosme monophosphate 

GMP 

C,^,.N,O.P 

363 23 

' Precursor of guanosme diphosphate 

(guanytiC seidj 





Guanosme diphosphate 

GDP 

C,J1„N,0„P, 

443 21 

Immediate precursor of polynucleotides Yu 
guanostne triphosphate durmg cleavage of i 





1 cmyl^oenzycne A 

Guanosme triphosphate 

GTP 

1 C,.H..N.O..P. 

S2319 

Precursor of guanosme coenzymea (see Ti 
12. page 347). Formed from orthophospl 
and guanoslne diphosphate during cleavagi 
succmyl-eoenzyme A 

Peoxyguanosine monophosphate 

dCMP 

C,.H..N,0,P 

347 23 1 

Precursor of deozyguanosme diphosphate 

(detoiyguanylic aeid) 

Deoxyguanotme diphosphate 

dGDP 

1 

1 CwH,.N.O,.P, 

427 21 

Precursor of deoxyguwoime triphosphate 

Deoxyguinosine triphosphate 

dGTP 1 

C,.H,.N,0„P, 

$07 19 

Immediate pteeursor of deoiyriboiepolynue 
tides 

Cytidme monophosphate 

CMP 

CH..N,O.P 

323 20 

Precursor of cytidme diphosphate 

(cytidyhe aeid) 




CptidiAe diphosphate 

CDP 

C4l,.N.O„P, 

403.1S 

Immediate precursor of polynucleotides 
Pfceursot of cytidme triphosphate 

Cytidme triphosphate 

CTP 

C,H,.N,0,.P. 

483 16 

Precursor of cytidme eoenzymei (see Tabic 
pages 349-350) 

Deozycytidme monophosphate 
(deoxyeytidylie acid) 

dCMP 

<:yi..N,o,p 

307.20 

Precursor of deoxycytidme diphosphate 

' Ceoxycytidme diphosphate 

dCDP 

C,H„N,O..P, 1 

38718 

Precursor of deoxycytidme tnphosphare 

Deoxycytidme ttiphosphsie 

dCTP 

CJI„N,0„P, 

467 16 

Immediate precursor of deoxynbosepolynuc 





tides 

Undine monophosphate 

UMP 

CJI„N,O.P 

324 19 

Precursor of utidme diphosphate 

(utidylic aeid) 




Undine diphcuphate 

UDP 

1 

c;n,.N,o„p, 

40417 

Immediate precursor of polynucleotides 
Precursor of undme triphosphate 

Undine triphosphate 

UTP 

C4I..N,0,.P, 

484 IS 

Precursot of undme eoenzymei (see Tab!' 
pages 347-349) 

Deoxythymidine monophosphate 
(ihytmdylic acid) 

dTMP 

C,JI,.N,O.P 

322.21 

Precursor of deoxythymidine diphosphate 

Deoiythynudine diphosphate 

dTDP 

C,.H,.N,0.,P, 

40219 

Precursot of deoxythymidine triphosphate 

Deoxythymidine tnphosphite 

dTTP 

c,.H,ja,o„p, 

48117 

Immediate ptecursc* ofdeoxynbosepolynui 
tides 

Deoxy-S-hydroxymethrleytidme 

j dHMCMP 

C,4I„N.O.P 

33723 

Constituent nucleotide of the deoiyribonu 
acid of T|,T, and T, bactenophaires otEiehe’ 





in which it replaces deoxycytidme m 
phosphate 

Deoxy-S-methylcytidme 

monophosphate 

dMCMP 


321 23 

Constituent of the deoxyribonucleic acn 
wheat eerm. in which it nsrt.sil^ 



Nicotinamide Ci,H,5N,0,P 0 Constituent of nicotinamide-adenine dinucleotide (NAD) and nico- 

mononucleotide 334.22 || tinamide-adenine dinucleotide phosphate (NADP) (see below) 
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■vcl ATP -I- -vclTTP ^ -j'dGTP + jclCTP DNA + 

DNA primer 

Tlic enzyme has an absolute requirement for magnesium ions as 
well as for n ‘primer’ eonsisting of DNA. It requires all four de- 
oxyribonucleotidcs if a primer containing all four dcoxyribo- 
nuclcoticlcs is used. The enzyme is specific for the four deo>ynbo- 
nucleoside /n'phosphatcs. Mono- and diphosphates arc inactive, as 
ate all ribonucleotides’'^. 

The base composition of the enzymatically formed DNA is a 
complementary copy of the base composition of the DNA used as 
primer, regardless of the relative amounts of each dcoxyribo- 
nuclcosidc triphosphate added to the reaction mixture®. This and 
other evidence^ shows that the enzymatic synthesis occurs by ‘base- 
pairing’ with the primer DNA. In other words, the role of the 
primer DNA is that of a DNA template. Where the DNA template 
contains the base adenine, the nucleotide inserted into the new mole- 
cule is the base thymine, and vice versa. Where the template con- 
tains the base guanine, the nucleotide inserted into the new mole- 
cule is cytosine, and vice versa®. Such assembly can occur in two 
directions. In one direction the newly synthesized molecule of DNA 
has opposite po/arity to the template molecule, i.c., the 3',5'-phospho- 
dicstcr bridges in the template point in the opposite direction to 
the 3',5'-phosphodicstcr bridges of the newly synthesized molecule. 
In the other direction the newly synthesized molecule of DNA has 
similar polarity. Here the 3',5'-phosphodicstct bridges of template 
DNA and newly formed DNA point in the same direction (Fig. 5). 
Experimental evidence shows that the newly synthesized DNA has 
the opposite polarity of the template. The product is double-stranded 
DNA. When the primer is double-stranded DNA it must presum- 
ably be ‘unwound’ into single-strand DNA before it can act as a 


(2.v-h2;')pyro- 

phospbate 


Fig.S Double-stranded DNA of opposite polarity (upper dia- 
gram) and of similar polarity (lower diagram). E-xperi- 
mental evidence shows that during the synthesis of DNA 
the new strand is of opposite polarity' 

[^Adenine; [Tj Thymine; |Gj Guanine; Cytosine; [Pj Phosphate 



template for DNA synthesis. The mechanism for such ‘unwind! 
is not understood, but one possibility is that the ‘unwinding’ 
curs just ahead of the growth of the new DNA chain®. 

Using pure DNA polymerase, the total synthesis of infect 
viral DNA starting from the four deoxynuclcosidc triphosph: 
has been accomplished in vitro 
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Synthesis of RNA 

RNA nucleotidyltransferase (RNA polymerase). This enzyme cat 
lyses the formation of RNA from nucleoside S'-triphosphates ' ; 

Mn-’’- 

x(ATP + GTP4-UTP-fCTP) ^ RNA -h 4\- pyrophospha 
DNA primer 

The reaction requires all four ribonucleoside triphosphates and 
DNA primer. The product is RNA with a base composition th. 
is a complementary copy of the DNA primer®. The en^'me « 
quires a bivalent metal ion, manganese being more effective tha 
magnesium. The chief physiological function of this cn^’me i 
probably to make messenger RNA for protein synthesis®, inojht 
words, to transcribe information contained in the DNA code int 
RNA (‘transcription’). This enzyme is also responsible for the sy 
thesis of ribosomal RNA and s-RNA"*. The nature of the lu . 
actually synthesized is determined by specific factors that adap 
the enzyme to specific template DNA®. 

Other types of RNA polymerases also c-xist. For e.xamplc, vi 
ruses that contain RNA but not DNA can duplicate in host cc s 
In this case viral RNA acts as the template and DNA is not re 
quired for the de noro synthesis of RNA®. _ , 

Polyribonucleotide nucleotidyltransferase (polynucleotide 
rylase). This enzyme catalyses the synthesis of polyribonuclcotn-^^ 
from nucleoside 5'-diphosphatcs. The reverse reaction is term- 
phosphorolysis : 


-v nucleoside diphosphate : 


. RNA -k-v orthophosph.'tc 


The RNA formed according to this equation will contain 
nucleotide units. The enzyme is specific for r/icnuclcosidc i*p 
phates. Nucleoside mono- and triphosphates arc inactive; 
active arc deoxyribonuclcosidc diphosphates®. The cnzy'mc is r 
tively unspecific with respect to the base of the nucleoside 
phatc®. It can make polymers containing one or more bases. 
the four ribonucleoside diphosphates containing 
guanine (G), cytidinc (C), and uracil (U) arc used, an ■' ^ “ 
polymer results in which the base-sequence is random®. \ 

thesis of RNA shows a lag period that is abolished if an^ • ^ 
primer is added ”. When a primer is supplied the enzyme .i 
new nucleotides to the ends of the primer molecules”. 

The function of this enzyme reaction is not yet undcrstiw^-^ 
chief role may be not to synthesize but to degrade RNA. s- ‘ 
very resistant to phosphorolysis by polj-nuclcotidc phospno^ry ■ 
but the rapid breakdown of m-RNA may be catalysed > 
enzyme ®. 


’ Hurwitz ct .t1., Bicchen.h'cpbjt.Ber.Ccrmjc., 3, 15 (1960); 
Bhchcn.bicObyt.Rei.Ccnnun.. 3, 92 (1960): Weiss, S.B., 

(\S~ath.), 46, 1020 (1960); Weiss and Nakamotp,/.Lv''.o”"- • 
(1961); Weiss, S.B., Fc.-i.Prcc.. 21, 120 (1962). 

^VrEissand FisK.K\^o-cCi, Prcc.rat.AcadSci.tW^acbd .A7, f .p,.,ciirc 

PEREi.v and Berg, Free. rat. AcaJ. Set. (U acb.), 48, 81 (1.6-), fa Pc'. • 
et al., Prc:.Ttat.Aca.i.Sci.(rath.). 48. 1078 (1962); I’crtii ct al.. - 
21,371 (1962). 
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Fig 6 Diagrammatic representation of protein synthesii 


iyntheali ofproieini’-'r 

rtQteui tytuhesii involves the linking together of 20 diflcrent 
■mmo acids in ipecifie sequences containing hundccdt ammo 
Kids The amino-acid aequcnceofa particular pcotcmisttprodured 


Growing polypeptide Aminoacy 



into ineisenger RNA (m-RNA) by an eruyme. RNA polymciast. 

itquirts DNA at a ptimer Thii erajme copies the base se- 
quence of DNA into RN.h Each molecule of DNA is thus tran 


iut*l unit of pfotein synthesis, the ribosome 
Ammo acids ate activated bv attachment to another kind <>t 
RNA,iumelyioIubleRNA(s RNh.rransfer RNA)* (see page JSI) 


and aminoaeyl s-RNA are brought together This can be pi 
as shown in Figure b above 

In Figure 6 the divisions along the m-RNA are Inten 
tepresent coding information equivalent to one amino acid 
case fsew am-noacyl-i-RNA can tit into the ribosomal framt 
The ip*it/ii kind of aminoacjl i-RNA is determined by the ae 


-^■ATP■^a.RNA 




fjro 

phosphate 


The reartion proceeds through the intermediaie formaiion of 
aminoacyl AMP Pot each ammo acid there ate at least one ape- 
citic activaimg eruvme and one specific type of »-RNA Each artuno 


follows 


(cachet the end of the newly tynthesued protein molecule tl 
t-RNA mutt be lost by hydrolysis, but the details of the reic 
he protein molecule from the ribosome are not eiest at pt 
UAA.UAG andUGA arc thought to be thettipleti that tern 
polypeptide lymhesis" 


H,N AA, CO a RNA, 

I aA, CO aRNA„ 

n.N AA, CO NH AA, CO a-RSA,-»-a-RNA, 

I u-H.N AA, a RNA, 

H.N A.^, CO N» AA, CO NH AA. CO t-RNA, + a RNA, 

I + H.N AA. 1 RNA. 

H,N AA. CO Nil AA, CO NM AA, CO NH AA. s-RNA. + s-RNA, 

1 -fH.N-AA, s-RNA, 
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.vclATP-l- .vdTTP-i-j'clGTP-l-jdCT^ D^'^+^^^osnhatr' 

DNA primer 

The enzyme has an absolute requirement for magnesium ions as 
well ns for a ‘primer’ consisting of DNA. It requires all four de- 
oxyribonuclcotidcs if a primer containing all four deoxyribo- 
nuclcotidcs is used. The enzyme is speeific for the four deoxyribo- 
nucleoside //-/phosphates. Mono- and diphosphates arc inactive, as 
arc all ribonucleotides'-^. 

The base composition of the enzymatically formed DNA is a 
complementary copy of the base composition of the DNA used as 
primer, regardless of the relative amounts of each dcoxyribo- 
nuclcoside triphosphate added to the reaction mixture^. This and 
other evidence ■* shows that the enzymatic synthesis occurs by ‘base- 
pairing’ with the primer DNA. In other words, the role of the 
primer DNA is that of a DNA template. Where the DNA template 
contains the base adenine, the nucleotide inserted into the new mole- 
cule is the base thymine, and vice versa. Where the template con- 
tains the base guanine, the nucleotide inserted into the new mole- 
cule is cytosine, and vice versa^. Such assembly can occur in two 
directions. In one direction the newly synthesized molecule of DNA 
has opposite polarity to the template molecule, i.e., the 3',5'-phospho- 
diester bridges in the template point in the opposite direction to 
the 3',5'-phosphodicstcr bridges of the newly synthesized molecule. 
In the other direction the newly synthesized molecule of DNA has 
similar polarity. Here the 3',5'-phosphodicstct bridges of template 
DNA and newly formed DNA point in the same direction (Fig. 5). 
Experimental evidence shows that the newly synthesized DNA has 
the opposite polarity of the template. The product is double-stranded 
DNA. When the primer is double-stranded DNA it must presum- 
ably be ‘unwound’ into single-strand DNA before it can act as a 


Fig.S Double-stranded DNA of opposite polarity (upper dia- 
gram) and of similar polarity (lower diagram). Experi- 
mental evidence shows that during the synthesis of DNA 
the new strand is of opposite polarity' 

[^Adenine; [Tj Thymine; 1 0 1 Guanine ; I C | Cytosine ; fp] Phosphate 



template for DNA synthesis. The mechanism for such ‘un\ 
is not understood, but one possibility is that the ‘unwind 
curs just ahead of the growth of the new DNA chain 5. 

Using pure DNA polymerase, the total synthesis of i 
viral DNA starting from the four deoxynuclcoside triphe 
has been accomplished in vitro®. 
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Synthesis of RNA 

RNA nucleotidyltransferase (RNA polymerase). This enzyn 
lyses the formation of RNA from nucleoside 5'-triphospha 

Mn'-’- 

x(ATP-i-GTP-f UTP-hCTP) ^ RNA -f 4x pyrophe 
DNA primer 

The reaction requires all four ribonuclcosidc triphosphates 
DNA primer. The product is RNA with a base compositic 
is a complementary copy of the DNA primer The enzy 
quires a bivalent metal ion, manganese being more cffcctiv 
magnesium. The chief physiological function of this enz; 
probably to make messenger RNA for protein synthesis ir 
words, to transcribe information contained in the DNA cot 
RNA (‘transcription’). This enzyme is also responsible for tl 
thesis of ribosomal RNA and s-RNA". The nature of the 
actually synthesized is determined by specific factors that 
the enzyme to specific template DNA®. 

Other types of RNA polymerases also exist. For examp 
ruses that contain RNA but not DNA can duplicate in hosi 
In this ease viral RNA acts as the template and DNA is r 
quired for the de noeo synthesis of RNA®. 

Polyribonucleotide nucleotidyltransferase (polynucleotide phe 
rylasc). This enzyme catalyses the synthesis of polyribonuclc 
from nucleoside 5 '-diphosphates. The reverse reaction is t( 
phosphorolysis: 

Mgt'- 

X nucleoside diphosphate , - • -> RNA -f .v orthophospl 

The RNA formed according to this equation will contain .v r 
nucleotide units. The enzyme is specific for r;7'/>nuclcosidc di 
phates. Nucleoside mono- and triphosphates arc inactive; al 
active arc dcoxyribonuclcosidc diphosphates^. The enzyme i: 
lively unspecific -with respect to the base of the nucleoside di 
phate®. It can make polymers containing one or more bases. ' 
the four ribonuclcosidc diphosphates containing adenine 
guanine (G), cytidine (C), and uracil (U) arc used, an RN/ 
polymer results in which the base-sequence is random The 
thesis of RNA shows a lag period that is abolished if an 
primer is added When a primer is supplied the enzyme 
new nucleotides to the ends of the primer molecules ' ' . 

The function of this enzyme reaction is not yet understoo' 
chief role may be not to synthesize but to degrade RNA. s-R' 
very resistant to phosphorolysis by polj-nuclcotide phosphor; 
but the rapid breakdown of m-RNA may be catalysed by 
enzyme®. 
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Fig 6 Dugrammiiic representation of protein synthesis 

PolypciKule t RNAii transfetred to the new •mmosc)! i RNA-The 
growing polypeptide »-RNA together with the m RNAthen n’o*** 
•long the rib«ome from right to left by one difision A rnol<^l< 
ofiRNA It releised 


heals of proteins'"* 

otein lynthesis mTolyea the linking together of 2Ct difiet**** 
10 icidi in ipecific sequences containing hundreds of artiioo 
• The amino-aciJ sequence of a particular proteims reptod«>ccd 
tly oyer and o»ee again m each protein moleeule synthesitd 
jfs tq amifto-seid Kquttvct ate tacetdingly tare The 


Growing polypeptide 


Atninoacyl s-llNA 



The schejTiie shows that ptottins giow by the stepwise add'ttorv 


RNA {an ‘anticodon’ or ‘nodoc’)* ’» In baetetu, protein chains 
(codons AUG, CUG) base been shown to be initiated by focwyl' 
ntethionyl-a-RNA 

The assembly of the polypeptide occurs on the ribosome ^he 
function of the ribosome is that of a ftamework on which m'^^A 
and aminoaeyl-s-RNA are brought together This can be piCtt^ted 
as shown in Figure 6 aboye 

In Figure d the divisions along the m-RNA ace intended to 


Ammo acids ate actiraced by attachment to another kind of 
^A, namely lo^uVle'h'NAfi-RNA.ttanifer'RT^A)* (seepage}^!) 


vATP + i-RNA 




pyro- 

phosphate 


'Hw KKtton proceeds through the intermediate formation of 
iinojcjl AMP Tot each ammo acid there ate at least one *pe- 
icaciiTaiingeniyme and one specific type ofs RNA EKhamino 


liberated and dissocutes from the ribosome This process rCS^itei 
ttansfer enzymes I'-ia. The m-RNA and polypeptide s-RNAmusi 
now move along the ribosomal framework by one segmen'i *t>c 
the process is then repeated When the synthetic raechanisn 
reachw the end of the newly synthesized protein molecule the las' 


H.N AA, CO $.RNA, 

I +1I,N AA„ CO s-RNA„ 

H.N AA,-CO NH AA, CO.s-BNA,+ 1 RNA, 

I -hH,N-AA,.s-RNA. 

H.N AA, CO NH-AA, CO NH-AA.-CO-i-RNA. t-s-RNA, 

+H.N-AA. s-RNA. 

n.N.AA, CO NH.AA,-CO.NII AA. CO NH ■ AA, - S.RNA.+ s-RNA. 

j +H,N AAp-s-RNA, 
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The transfer of amino acid from aminoacyl-s-RNA to ribosomal 
polypeptide requites GTP > The role of GTP in this reaction 
is not understood. 

Electron microscopy reveals that ribosomes actively engaged in 
protein synthesis appear like beads strung on a thread*'*. It has 
also been shown that ribosomes active in protein synthesis have a 
much higher molecular weight than those not active’®. This evi- 
dence has been interpreted to show that more than one ribosome 
can be attached to each molecule of m-RNA. The assembly of one 
molecule of protein starts before the assembly of another, further 
along the molecule of m-RNA, has been completed. 
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Minor (infrequently occurring) constituents of nucleic acids 

More than 20 minor purine and pyrimidine nucleosides have 
been found in hydrolysates of RNA isolated from various organ- 
isms. There are several classes of these minor components. In the 
largest class the bases are methylated. The majority of the theoreti- 
cally possible methylated derivatives of the common bases have 
been found. Another class has the sugar linked to an unusual 
position of the base. Yet another class has a hydroxyl group of the 
sugar methylated. Of these minor constituents 18 have been iso- 
lated from a single source, namely s-RNA from yeast * . 

The minor constituents arise by direct mcthylation of the RN A 
molecule, and the enzymes responsible arc referred to as RNA 
methylascs. At least 8 separate RNA mcthylascs have been demon- 
strated. These enzymes are -widely distributed in living organisms 
The methylated bases arc not distributed at random but arc specifi- 
cally located in the RNA molecule. The biological significance of 
the methylated bases is not known, but it has been suggested that 
they constitute part of the recognition mechanism in the transfer 
of genetic information^. 

Several minor components have also been found in addition to 
the four common bases of DNA. The DNA of animals and plants 
contains 5-mcthylcytosinc® and that of certain bacteria contains 
6-methyladcnosine'*. These constituents arise by direct mcthyla- 
tion of DNA. At least two DNA mcthylascs c,xist. One methylates 
adenine and the other cytosine of DNA^. 

A summary of these minor nucleosides of the nucleic acids is 
given in Table 13®. 
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iVilni'-* 


’fijrrins »re tetcapyrrolic pigments lornetimes found free in 
Duc mote commonly occurring as divalent metal-ion com- 
, usually conjugated with proteins. Such ptotcins often func* 
I enzymes. 

patent compound of the piorphytms is parrot, lathe molc- 
■ which one pyrrole ring and 3 pytrole-hke rmgs ate linked 
et through their a-catbon atoms by means of inethene 
[-) bridges 



Pyrrole Porphin 


e porphyrin molecule thus forms a dosed tmg of catbon and 
ten atoms lying in one plane and containing a central I6*fnem« 
. ring of 12 eatbofl and 4 nitrogen atoms 



lit IV 


"hese isomers, known as tvpes I-IV potphsaBS, provide the 
IS for the classification of the cuturallv occurring prwphvTins 



Ucoporphynn 1 Uroporphyrin III 


Decarboxylation of the 4 acetic acid groups gives rise to the 
apnparpSyrmt, which contain 4 methyl and 4 propionic acid 
groups 



C<jp««po'f*T»u> I Copropoiphytia IH 


Decarboxylation and dehydrogenation of two of the propionic 
aeid groups of coproporphytm III yield pntoperpfyrm IX, which 
contains 4 tt^thyl. 2 vinyl and 2 propionic acid groups 



pages jsio-jui; 

Data on the niiurally occurring porphyrins are summariaed in 
Table 14 on paces 356-359 On the biosynthesis of porphyrins tee 
page 436, on the porphynat see pages 45+-4S5. 
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Tabic 14 Porphyrins of biological importance (and their precursors) 


Porphyrin 


Porphobilinogen 


HOOCCHyCHj-C C-CHyCOOH 

J » 

/C-CHyNHj 


Obligatory precursor for the biosynthesis of por- 
phyrins and haem. Present in urine in hepatic por- 
phyria, and in poisoning by lead and monoureide 
sedatives 


Uroporphyrinogen I 

UioHjiNiOio 


Metabolite of porphobilinogen 


Uroporphyrinogen III 
C.,H„N.O„ 


Metabolite of porphobilinogen 


Coproporphyrinogen I 
C„H..N.O. 


COOH 

I 

CH; 

V T Y 

>^NH HN— < 


NH HU 


CH3 CH, 


Metabolite of porphobilinogen 
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Tabu 14 ( conTmmd) Porphyrins of biological importance 


Porphyrin 

Structure 

Occxirrcncc 

Coproporphyrin III 
C,.H„N.O, 


Found free in faeces, urine, erythrocytes, bile, yeast 
and bacteria. Increased pathologically in porphy- 
rinuria and porphyria. Also formed in the putre- 
faction of meat 

1 

1 

1 

Protoporphyrin IX 

1 

! 

|H. 

f “ f' H 

'^N m-^ 

HC^ ^CH 

N— ^ 

CHj H CHj 

jlHj CHj 

COOH COOH 

Found in bone marrow, erythrocytes, liver and fae- 
ces. The iron complexes form the prosthetic groups 
of haemoglobin, myoglobin, catalase, peroxidases 
and cytochrome b. Also formed in the putrefaction 
of meat j 

1 

1 

j 

1 

1 

! 

Mesoporphytin IX i 

CjiHssNiO* 

1 

1 

1 

1 ^ 

CH, H CH, 

\=N HN-^ 

v 

"‘‘AA/Va”' 

(jH, » CHj 

CHj CHj 

COOH COOH 

1 

Occurs in normal human faeces, possibly also in j 
human fistula bile 

1 

i 

1 

1 

i 

1 

1 

1 

i 

i 

! 

i 

j 

Dcutcroporphyrin IX 

C3oHjoN404 

1 " r 

\=fl HN-A 

"x yCH 

\-NH H-^ 

CHj H |h2 

CHj k 

OT COOH 

Occurs in human faeces after ingestion of blood or 
following haemorrhages of the gastro-intestinal 
tract. Formed together with protoporphyrin and j 
coproporphyrin in the putrefaction of meat 

' 

i 

j 
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(For Rfcnoctt ue pigc 3t3) 
dtJ) Porphyfins of biological importance 



amenclature of iron porphyrmi 


Coordination (««iiiono<npK4 by 


AoiSon 


<») I 

(b) 

Ltuiiac tflJ LtOC*' 

Pai-unc* Bittos* 

An»n*, Kxiiin^ 

H,0 

H.O 

H,™- 

rerrohemc 

Haem 

OH 

H.O 

Hcmafin** 

Femheme hydroxide 

Haematin 

Cl 

- 

Hemin 

rertiherne chloride 

Haemin 

rv’-Compoufid 1 

A’-Com pound 

Hemochxome 

rerro-hemochromogen 

1 laemochromogen 

A-Cotnpound 1 

A^-Com pound 

llcmichcome 

rcrii-heinochrotnogen 

Parahaematm 

Glob in 

11,0 

llemogk^n 

Hemoglobin 

Haemoglobin 

(.lobin 

o, 

Oxyhemoglobin 

Oxyhemoglobin 

Oxyhaemoglobin 

Globin 

H.O 

Hemiglobin 

FemheRioglobin 

Acid methaemoglobin I 

G lobin 

OM 

Hemiglobin hydroxide 

reriihemoglobin hydroxide 

Alkalinemethaeraoglobin 

Globin 

CO 

Catboxyhemoglobin 

Carbon monoxide hemoglobin 

1 

cJ to bv aome tulbo 

n >• fcrroprolcvofpliTrin •• AIk. nfcmd w by tome autfcoct tt (errprotopoiphyr 

n hydroxide 1 


rrini (ha«m denT»iire») 

rncy of ^rphynna to form eompleaes with diralent 
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(For references see page 363) 
hie 16 Iron porphyrins and haem proteins of biological importance 


Substance 

General nature 

Spectral characteristics 


Solvent 

Absorption maxima in nm 


acm (protohacm) 
C„H„N*O.Fc 

Ferrous iron complex of 
protoporphyrin IX. Ex- 
tremely unstable. Easily 
oxidized to haematin. See 
also pages 359 and 362 

Phosphate 
buffer pH7.0 

575 550 415 

Prosthetic group of haemoglobin. 
Combines tvith many nitrogenous bases 
to form haemochromes 

aematin 

C,.H„N.O.Fc 

(OH) 

Ferric iron complex of 
protoporphyrin IX. 
Moderately stable. Sec 
also pages 359 and 362 

Acetic acid 
10%NaOH 
Ether 

630-635 540 510 400 

580 

650 

Formed from haemoglobin in blood 
under many different conditions. 

The pigment of the malarial parasite 
Plasmodium has been shorvn to consist 
of haematin® i 

acmoglobin (Hb) 

(deoxyhaemo- 

globin) 

Compound of globinwith 
4 molecules of haem. Iron 
is in the ferrous state and 
readily oxidized. Globin 
portion consists of 4 poly- 
peptide chains in the form 
of 2 pairs of identical 
chains. The great variety 
of abnormal haemoglo- 
bins is accounted for by 
differences in the amino- 
acid sequence and in the 
•way the chains are com- 
bined® (see also pages 
446-448). On the spatial 
arrangement of the 
haemoglobin molecule 
see the literature ' ® 

Water 

560 430 

Oxygen carrier in erythrocytes of all 
vertebrates. One erythrocyte contains 
ca. 280 million Hb molecules. Com- 
bines reversibly with oxygen to form 
oxyhaemoglobin, and with carbon 
monoxide to form carboxyhaemoglo- 
bin (affinity for carbon monoxide over 
100 times that for oxygen) 

; 

t 

i 

i 

1 

[yoglobin 

(myohaemoglobin, 

deoxymyoglobin) 

Unlike haemoglobin, con- 
sists of one haem molecule 
combined with a poly- 
peptide of 153 amino-acid 
residues ®. Iron is in the 
ferrous state. On the 
spatial arrangement of 
the myoglobin molecule 
see the literature ' ® 

Water 

' 

] 

1 

555 435 

1 

Found in muscles of higher vertebrates, j 
nematodes and molluscs, where its main j 
function is oxj’gen storage. Completely j 
saturated with oxygen at low pressures, j 
The affinity of myoglobin for oxygen i 
is greater than that of haemoglobin 

ixyhaemoglobin 

Compound of haemoglo- 
bin with 4 molecules of 
oxygen available physio- 
logically. Iron is in the 
ferrous state 

Water ! 577 540 412 j Present in fresh blood of all vertebrates i 

1 ; (sec also under ‘Haemoglobin’ above) ^ 

1 ! 

1 

1 i 

! 1 ! 

arboxyhacmoglobin 

Compound of 4 molecules 
of carbon monoxide with 
the 4 iron atoms of haemo- 
globin 

Water j 568-572 538 418 1 Rapidly formed in the body during j 

' j exposure to carbon monoxide, result- | 

I j ing in failure of O-xygen transport by j 

1 ‘ haemoglobin (sec also under ‘Hac- j 

' 1 moglobin’ above) | 

i i 

[aemiglobin 

(methaemoglobin) 

Similar to haemoglobin 
except that iron is in the 
ferric state 

1 

Acidsolu- ! 630 500 405 i 

tion 1 1 

Alkaline ; 577 540 411 

solution j 

1 

1 

Formed reversibly from haemoglobin 1 
ay oxidation (ferricyanidc, nitrites, : 
chlorates, etc.). Occurs in erythrocytes | 
in larger amounts in some pathological j 
conditions'® i 

holeglobin 
(verdoglobin A, 
verdohaemo- 
globin) 

Haemoglobin-like com- 
pound in which the j 

a-methene bridge is oxi- ! 
dized; formed by coupled 
oxidation of haemoglobin 

Water 

670 630 i 

j 

» 

i 

j 

’ossibly a norm.il haemoglobin degra- , 
dation product and intermediary in bile ' 
nigment formation 
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(For rcfeicncn kc pige 36)) 


6 (contmutJ) Iron porphytms and haem protems of biotoginl importance 


Subiunce 


Spectral chacamfistics 



SolstM 

AVsocpuoA maxura la am 


laemoglobm 
tdoglobin S) 

Chemical structure not 
known 

Water 

620 

Fotmedirteversiblyfrora haemoglobin 
by action ofhydrogen sulphide 

Present in erythrocytes after ingestion 
of sulphur, sulphonamides, atoroacii; 
amines, occasionally trinitrotoluene, 
also in septicaemia (espeaally Clostri- 
dium ptrfrinpni bacteraemia) and severe 
constipation 

:hjOTOc a 

>up: a, a. 

PtosthctK group rt a 
haem containing a formyl 
aide chain 

Water 

(Fcwoferti diflertncc 
spectrum) 

Cytochrome a; 

60S (a) 444 (y) 

Cytochrome ai. 

60S(o) 445 (y) 

Cytochromes a and a, ate components 
of the cytochrome c oxidase of the 
mitochondria of animals, plants and 
yeast't^.Ferrocytochrome a, combines 
with cyanide and carbon monoxide, 
whereaa ferrocytochrome a does not 
The cyanide compound of ferrocyto- 
chrome 1 , IS autoxidizable. Cyto- 
chromes a and a^ may be part of the 
same protein ('cytochrome aa") 

chrome e 

OUp' C, C| 

Possess coTsIent linkages 
between haem side chains 
and protein Onlythio 
ether linkages are so far 
known, and the prosthetic 
groups can be called 'sub- 
stituted tnesohaems' 

Water 

Fetfocytochtomc c. 

550(«) 520(0) 4!5{y) 
Fetrocytochrome c, 

553 <«) 

Cytochromes e and ci ace found in the 
mitochondria of animals, plants and 
yeast Ac neutral pH the fotmet is 
relatively heat-atable, the latter not 
Cytochrome e has an isoelectric point 
ateve pH 7 and the oxidation of its 
fetro form by oxygen is catalysed by 
cytochrome oxidase; the oxidation- 
reduction potential oyer most of the 
physiological pH range is ea -I- 0 25 V 

Khrome b 
'oup b, b| 

j Prosthetie group is proto- 

Water 

1 

Fetrocytochrome b 

564 {«) 

Fetrocytochrome b, 

556 <«) 

Cytochrome b occurs m the mitochofl' 
dtia of animals, plants and yeast 
Cytochrome b( is found tn animai mi- 
crotomes It IS reduced by NADH m 
the presence of cytochrome b, redue- 
use 

othrome d 
roup (a,) 

Prosthetic group is an 
icoo-dihydropotphyrm 
(phftochlofin) complex 

1 Water 

i 

reifocytochrome d 

645 

Found in some bacteria (e g , ii tali, 
Atthbacltrptnxida’ii) The ferro form 
IS autoxidizable and combines with 
carbon monoxide 

OTidawj 

Prosthetic group is 
haematin or a related 

'Keak acids 

645 583 548 493 
(horse-radish peroxidase) 

OccurmplantiandinimiU Biological 
functions not well known 


Prosthetic group is hie- 

Water 

629 54* 506 409 230 

Decomposes hydrogen peroxide. Pres- 
ent in respiting cells, highly active in 
liver, erythrocytes, etc Catalytic a«i •- 
ity inhibited by cyanide, hydrogen sul- 
ph‘“®,^hydtoxylamine, azides, ammo- 
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Haem (protohaem) Haematin 

Haem and other ferrous complexes of the porphyrins readily 
react with bases such as primary amines, pyridine, anamrania, imid- 
azole compounds (e.g., histidine) and hydrazine, the resulting prod- 
ucts being known as hamochrome:. 

Hatmoproleins arc conjugated proteins in which the prosthetic 
group is haem. They arc of two types: ‘hacmochromes’, in which 
the two free coordination bonds of the haem iron atom are occu. 
pied by nitrogen atoms of basic side chains of the protein, and ‘opet)’ 
type hacmoprotcins, in which at least one of these bonds is not stj 
occupied. Haemoglobin and myoglobin arc hacmoprotcins of the 
open type, as are catalases and peroxidases, though in the latter the 
nature of the iron-coordinating groups is not Imown for certain. 

Three types of physiologically active hacmoprotcins, depending 
on the valency state of the iron, can be distinguished; 

1. Fe remains divalent: haemoglobin, myoglobin 

2. Fe is reversibly oxidized 

and reduced; cytochromes 

3. Fe remains trivalent; catalase and peroxidases 

Hamoglobin is the principal representative of a class of haemo. 
proteins whose function is to combine reversibly with oxygen ; this 
reaction docs not involve rapid oxidation of the haem iron atom. 
Catalasts and peroxidases are enzymes responsible for catalysis of 
electron and/or hydrogen transport, the hydrogen acceptor being 
cither hydrogen peroxide or one of its alkyl derivatives.(^7or/;re«f^ 
arc by definition hacmoprotcins whose characteristic function is 
also electron and/or hydrogen transport, but by means of a reversN 
iblc valency change in their haem iron atom (fcrrocytochromc ^ 
ferricytochrome). For further data on haemoprotcins sec Table 16, 
pages 360-361. 

Bile pigments'- ' ’ 

The metabolic breakdown of the haemoglobin released by the 
disintegration of erythrocytes results in the formation of bile 
pigments. The breakdown occurs by the oxidative cleavage of the 
porphyrin ring with the loss of a carbon atom to form open-chain 
tetrapyrrolcs. Bile pigments are generally represented as linear 
tetrapyrrolic chains with terminal hydroxyl groups : 



H Hj H H H 

(<j) Linear tetrapyrrolic structure of bile pigments 


but their structure is more correctly represented by a tetrapyrrolic 
‘ring’, closed by a hydrogen bond between oxygen atoms; 



ph} tRitw’ -Structure of bile pigments 


protoporphyrin is released from the globin, with choleglobin as 
intermediate The iron released by the catabolism of haemoglo- 
bin is largely retained in the body in the form of the protein ferri- 
tin, while the bile pigments arc excreted. Current views about the 
formation in the organism of the various bile pigments (sec also 
Tabic 17, pages 363-364) can be summarized as follows 


Haemoglobin 



Choleglobin Bilivetdin 



Bilirubin 


1 , 

Mesobilirubln 

(-f-)-Uir<3hSiaogca -» Vroh'iliaogcnJX-« >■ SicrcohShiogai 

(Mesobilirubinogen) 

1 I 1 ., 

(4)-Urobilin Urobilin IX-a Stcrcobtlin 

The principal sites of conversion of the haem portion of haemo- 
globin to bilirubin arc believed to be the reticuloendothelial cells 
of the liver, spleen and bone marrow. In the blood, bilirubin be- 
comes bound to scrum albumin (sec also pages 576-577) and is 
rapidly taken up by the liver, whence it reaches the intestine via the 
bile. The further degradation takes place mainly in the intestine. 

VAN DEN Bergh and Miin.ER’-' were the first to observe that 
there is a difference between scrum bilirubin and the bilirubin-like 
pigments excreted in bile in respect of their coupling with diazo- 
tized sulphanilic acid, the latter pigments reacting directly whereas 
serum bilirubin requires the presence of ethanol (direct and in- 
direct VAN DEN Bergh reactions respectively). Subsequently it was 
shown'® that bilirubin undergoes conjugation in the liver cells 
with glucuronic acid (and possibly other substances) and is ex- 
creted into the bile mainly as the diglucuronidc and to a smaller 
extent as the monoglucuronide. This conjugated bilirubin is water- 
soluble, whereas bilirubin itself is soluble in lipids but insoluble in 
water. This difference in solubility explains not only the difference 
in the van den Bergh reaction but also that in the physiological 
behaviour of the tu-o types of pigmcnt.Thus it accounts for the fact 
that bile pigments are excreted in the urine in obstructive jaundice 
and hepatitis but not in haemolytic jaundice (sec below). Since lip- 
ids have an affinity for brain tissue, it also explains why a great 
excess of bilirubin in the blood of infants results in kemictcrus. 

JatmJscc 

Jaundice may broadly be classified into the haemolytic, obstruc- 
tive and hepatogenous varieties. In haemolytic jaundice the ex- 
cessive rate of breakdown of erythrocyte haemoglobin causes bili- 
rubin to pass into the blood stream at a rate greater than that at 
which it can be conjugated and removed by the liver. Obstructive 
jaundice occurs when there is obstruction to the outflow of bile 
from the liver through the biliary ducts. In hepatogenous jaundice 
destruction of the normal architecture of the liver causes bile pig- 
ment to enter the blood stream. In both the latter cases the water- 
soluble bile pigment is excreted in the urine. Sec also p.iges 576-577. 

Bilirubinoids 

The various intermediates (bilirubinoids) in the conversion of 
bilirubin to stcrcobilin by the reductive enzymes of the intestinal 
bacteria m,ay be partly reabsorbed in the intestinal tract and cither 
returned to the liver or excreted in the urine. Data on the most ini- 
pornant of these compounds are summarized in Tabic 17, pages 363 
and 364. 

Chlorophylls 

Other mctallo-phorphyrins occurring in nature include the mag- 
nesium porphyrin compounds that arc components of the chloro- 
phyll of green plants. Tire latter has been shown to consist mainly 
of a mixture of chlorophyll a and chlorophyll b. both of which 
contain a porphyrin cstcriiicd with the long-chain optically active 
Cottv ntr-rttjrtl nLvrnI nnri mannrsilim. The nornhwins arc charac- 
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CWotophjlI • 


Chlotofihjll b 


and d In leaf tissue, chlorophylls exist in the form of a protein 


13(1948) 

"Gair.CIt. ritA/> pirrx'/, Methuen, London, 1953. CaAT,ClL,** 
ptf***// M Hullh *Hj Durepe.ThoiTui, Springfield, lit , 1961 , %'ith.T K . 
Bll^l wreA; AeidemleFrew.MerYorl.]»5, Schuxo.H ,ui Sti^niuhx 
nil Mrri/rd/3./r«>.2nded,McGaAw->lrLL. 

NewVcrk, 1966 


lyanocobalamlt) (vitamin Dj>) 




r«W» t7 llilifubinoids and related eompounds 
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»nd d In leaf tissue, chlorophylls **ist m «he form of * proteio 
omplex, chloropUstin, «hieh hss been holited** 

The photosynthetie purple sulphur bieiMia contain the pigment 
.acteiiochlotophyll This has been shovn to differ from chJoto- 
ihyll a only in the pteseoce of an acetyl group m place of the »myl 

ttoup in posltion2and in the hydrogenation of the3.4double bond 



Himalii CempMtJi enJ BiU Biimi' 


»• Gaav.CH Methutn, London, 1953, GaAY.CH ,i 

Hidllk Daiut.'X^onat, Springfield, lit ,1961: Witk.T : 
Biltl jwtf/.AndeiniePieti,NewYotk.l968, Schmid, R., in SraKii 
etil ,McG»aw-Hi 

Ntw\vck.1966 



Cyanoeobalamin (vitamin Du) 

Cysnoeobaktnm. the cohili-contiining ptmetple of liver c 


r«»/» 17 Bilirubmoids and related compounds 


Subitinea 

1 Bilirubin 
, C„H,.N.O, 


Gilivetdin 







Breakdown product of haemoglobin and otht 
haem compounds in tetieuloendothelial systeri 
Present m eiteess m serum and tissues in haemc 
lytic laundice. Also found in urine and faeces i 
infants Con)ugated in liver cells with glueurt 
me acid to form bile pigment 


Breakdown product of haemoglobin, reduce 
eniymatically in liver to bilirubin Not foun 
in blood, but present in bile of some animal 
in placenta of some mammals (uieroverdm) an 
in egg shells of many birds (oocyan) Als 
found in meconium of foetus and newborn an 
in bile after death An iron complex mav be tl 
piosthetic group of inactive liver catalase 


May be present in the small intestine as redu' 
tion product of bilirubin 


Degradation product of bilirubin in liver Prc 
ent in normal bile, urine and faeces, incteast 
m pathological conditions 
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Constituents of Living Matter - Lipids 


U iVi« genenl tenn for 4 group of futuial ptoducu that • i',” — .“.7“ , 

e soluble m relitiTcljr nonpolit tolveats, ludi as tnature* ti *r«oJ pige 377), i*., c ofJ al 'Vng the ejeSopesa- 

’ ' . » ' ' • • • . ■ ~ I “optthjtiropheaaaiires^ CB««,e.g,, daslesterol (seepage 

. . . . ' sdgtaastercl asd ergostcro! 

, \ ’■ C<Ofcy<£:ocirfiocss,c.g,»qua'<=e (see page 374) *r-d the cstoasvo 

■, ■ • ■ . .1 . . <«)*^<«-«foi5fc»«2rrasA,D,EaaiK(icecoiies'\"Ka.*j:au’ 

. . . ■ ■ ■ ■ . * . P»2« 457-W9). 


(bj hi^htf itni^-chaifl akohob, e.g^ cs^J (C,J, ttsatji (Q 
cetyl (Cm) aad rayncyl (Cm) atebsb 


Fartbct iCMLag 


tagUndins (see page 373) * ' ■ “ • ■ 

'M IS aasiificition anj structural components of tiptds 

CUttifiatioB of lipids* StniCTufii toa^oetnt t {fAtt tb*s fary 

Nitfog^ floatUse ; 

Acyl- f (i) Monoglyeeiides •. — i — 

gtyceroli ( (n) Diglycendei I ci«v.^i t 

(fats) i (ill) Ttiglyeetides (neutral fats) j _ I ^ 

Aii.o.,d, 8 .,«„fa 1 . 7 ""- ■- ; 

— — J ^ 

01 ,=. 8 l,„„J„ |— 


MPho.pteid«.c,d, 

(u) PhospHatuJyl f P{'«'’P|wu<lytehoIiQes Clmrot 

estets I J^®»ph»tidyl«thartoUmin«a 

« Pbosphatidylsetiflrt Cly^ 


(ill) Lysophosphatides 

Glyeero- /Mono. 

phosphaiiJes {iV Inositol ptiosphatiiles I Di- 
I Tn- 

(t) Acetal phoaphatides 
(ti) Alky! iyiophosphitiUe etberj 


(i) Sphingomyelins 

(ii) Ceiebiosidei 

Sphtneo- (ill) Sulphjtides 
1‘piJ’ AminoglycolitHil* 


Glycerol _ i e* . 

Clj^nt I Sff", , I 

I j n.'-.i.id-i.vn 

I J Glycerol 

Ctycerol r* , . 

I ' *-!^riaafu„r«4 

jClyctfol |y. . 


I l*) Gangliosides 


s, Titamin A and D, euets 


*f“«<hatn 

^wautJcaleohota 

Cbmplea 

'r^*lcohols 


J 

CVioline 

• if 1,1 

Ifev,vef.f 

"■'‘“'j'Vi W. r’i *'‘'-1 

*mine ” 

^•Aeetyl,„[« 

»minc 

iuift 
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Ttihlt 19 ((onlimitd) Fatty acids 



Name 

Formula 
and mol.wt. 

Structure 

Physical 

properties 

! 

Remarks 

Lacccroic acid 
(clottlacontanoic 
acid) 

480.87 

CHjtClIjljo'COOH 

m.p. 96.2‘’C 

Occurs in stick-lac wax (from Tachardia lacca) 
and other natural waxes 

Acrylic acid 
(propcnoic acid) 

C.H.O. 

72.06 

Unsaturaltd (mono-Bltfinu) sli 
CH,=C1I'C001I 

■aight-thain monocarb 

m.p. 13°C 
b.p. 141°C 
</>• 1.062 

1.4224 

i 

oxylic acids \ 

i 

1 

j 

( 

1 

( 

lrans-{a-)Cto tonic 
acid 

(/r/aw-butcnoic 

acid) 

C.H,0, 

86.09 

CIUCII 

’ll 

HCCOOH 

m.p. 1Z°C 
b.p. 189°C 

0.973 

«”•’ 1.4228 

Constituent of croton oil (from Cro/on tiglitm 
seeds) 

i 

I 

— i 

Iso-(P-)crotonic acid 
(m-butcnoic acid) 

C.H.O, 

86.09 

HCCH, 

II 

HCCOOH 

m.p. IS.S'C 
b.p. 169°C 

1.031 2 
«« 1.445 7 

Readily isomerizes to the /runr-acid j 

1 

! 

1 

1 

A’-Hcxcnoic acid 

C^HioOa 

114.15 

CH3(CHj)2'CH=CHC00H 

m.p. 32°C 
b.p. 217°C 

0.9627 

1.4601 

Occurs in Japanese peppermint oil • 

A‘-Dcccnoic acid 
(obtusilic acid) 

CioHuOj 

170,25 

CH3'(CHj)4-CH=CH(CH2)2C00H 

b.p. 

148-150''C/13 
d'" 0.9197 
»» 1.449 7 

Occurs in seed fat of Lindira cblusiloba j 

i 

1 

1 

A*-Dcccnoic acid 

CioH|iOj 

170.25 

CH2=CH(CH2),'C0aH 

b.p. 

143-148°C/15 
d» 0.9238 
fl«1.448 8 

Occurs in butter and milk fats and in sperm | 
head oil j 

I 

— i 

A*-Dodecenoic acid 
(lindcric acid) 

Ci.H.aOs 

198.31 

CH3-(CHj)5CH=CH(CHj)2C00H 

m.p. 1-1.3°C 
b.p. 

170-172‘’C/13 

0.9081 

1.452 9 

Occurs in various seed oils, e.g., Landtre obtusi- j 

laba ! 

i 

i 

.-_i 

A“-Dodccenoic acid 
(laurolcic acid) 

CiiHjaOa 

198.31 

CH3(CHj)5CH=CH(CHj)jC00H 

0.9130 
»» 1.453 5 

Occurs in sperm blubber and head oil j 

A*-Dodecenoic acid 

CiaHjaO* 

198.31 

CH3CHjCH=CH{CH2),-C00H 

- 

Occurs in fat of cow’s milk 

A*-Tetradccenoic 

acid 

(tsuxuic acid) 

CijHaiOa 

226.36 

CH3(CH2)jCH=CH(CH2)2C00H 

m.p. 

18-18.5'>C 

b.p. 

ISS-ISS'C/IS 

0.9024 

<1.4557 

Occurs in various tropical plant oils, csp. tsuru | 
oil 

\ 

A'-Tetradeccnoic 

acid 

(physcteric acid) 

A’-Tetradccenoic 

acid 

(myristolcic acid) 

CiiHanOa 

226.36 

CiiHaiOj 

226.36 

CH3(CH2),CH=CH(CH2)3C00K 

(Z” 0.904 6 
n« 1.455 2 

Occurs in whale blubber and sardine oil 

CH3(CH2)3CH=CH(CH2),C00H 

0.901 8 
<1.4549 

Occurs in milk fat and depot and liver fat ot . 
many animals 

A'-Hexadeccnoic 

acid 

(palmitoleic acid) 

CiaHsoOa 

254.42 

CH3-(CH2)5CH=CH(CH2),C00H 

m.p. 1°C 

b.p.218-220X 

d» 0.9003 

Widely distributed. In inT- ‘ 

total fatty acids), in depot and m.lk fat ot an, 
mals, vegetable oils and fats 
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Fatty acida 



Formula 
and mol 

SlturtuK 

Phyucat 

ptepcnm 

RemarLs 

(for teferencci ace page 372) 

;d) 

282 47 

CK,{CH,)„tH-W(C8j),CCI0H 

mp 32-33*C 
bp 

208-2IO“qiO 
^08824 
»« 14535 

Occun in seeds of atomatic plants (parsley, cel* 
ety, etc.) and in some umbellate fits 


C,.H,.0, 
i 282 47 

I 

CH(CH,\-C00H 

mp.l3*C 
b p sab-qiAO 

J" 0 895 
>.» 1.45823 

Atost abundant of the unsaturated fatty acids 
Pitsent in reajly all natutal fats (cme-ihitd of 
fatty adds of cow’s milk . phospha tides) Occurs 
m traces tn human urine 


C„Hi.O, 

282 47 

tHmijCMM 

mp 44-45*C 
bp.288*Cfl(IO 
^>0 851 

14405 

Formed by isomerization of oleie acid 

id 

|c,.n,.o, 

282 47 

CH(CH,i,ca)H 

mp 42 5*C 
08560 
>r«l4439 

Occurs in many animal fats and Tegetable oils 


' c,.n.,o. 

282 47 

CH(CH,l,CM8 

Wj 

mp 124-13X 

Has been shown to be the haemolytic acid oc- 
curting in plasma and various animal tissues ’ 
Also ptescnt in Lettohaidlus species* 


' C„H..O, 

, 28147 

CH,<CH,),Ot-<H{CM,)^-COOH 

1 

Occurs in partially hydrogenated peanut c'l 


' C„H..O. 
310 S2 

t CK,(CHj),W-'CH(C8,),CIMH 

t 

inp.245*C 

C»f and frtfvr forms In many fish and matme»m- 
mal oils, tn vegetable oils, in btain phosphatides j 

i 

eid 

1 C..H,.0. 
310$: 

C9,(CH,),Ot-CH(CK,),«lW 

w22*C 
/rtnf 52-53’C 

Principal acid of ) 0 )oba nuts ('goat nuts’), also 1 

maecdodof CeariitjtaefK.teAt. tape- and fflus- 

tard seed oils, fish oils , 

... 


339 58 

1 C8,(n,),tH*w(eH,i,acH 

tn p 32-33’C 

Occurs in various marine oils 1 

1 

1 

1 

ul) 


338 58 

CM.Wi’lnW 

CN(CH,1,C!i, 

Imp 335’C 

1 b p 28I'C/30 
^•0860 
•••14480 

Occurs in seed oils, esp.rapeseed oil , 

'd) 

i C„H.,0, 

1 338 59 

' CKjlWjlj-CH 

C''(CK,t„cirtt 

m p 61 5*C 
bp 282'C/30 
^•'08585 
.•-14347 

Formed by isomerization of etucic acid j 

1 


1 

' 

i 

_[ 

366 63 

C8(CH,),3GICH 

mp.405-4l*C 
.« 1 4535 

Occurs in shark and ray liver oils, in brain cete- 
brosides (netvone) and sphingomyelins* 



C..11..0, 

394 69 

1 

1 ci',-(w,i,c*'--0((n<,)„cccH 

|mp 45’C 

O^rs in Ximtma ammeana (tallow-wood) A 
hc^osenoic acid is found with netvonic acid 
in brain cerebtosides 

i 
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TaMt 19 (conlimicd) Tally acids 


Name 

Formula 
and mol.wt. 

Structure 

Physical 

properties 

Remarks 

Sorbic acid 
(A’'*-bcxadicnoic 
ncid) 

C.H.O, 

112.13 

UnsatnraUd (polyokjinit) / 
CHyCH=CHCH=CHCOOH 

(raight-chain momcar 

m.p. 134.5'’C 
b.p. 228°C 
(dccomp.) 

Bo>y!ic acids 

Occurs as lactone in oil of unripe mot 
berries 

Linolcic add 
((■/V-w-A’'”-octa- 
dccadicnoic acid) 

■ 

CtV(CHj),-jK 

CHCHyCH 

II ’ 

CH(CHj),-C00H 

m.p. -11 

(syc 

b.p. 230'’C/16 
0.9025 
<1.4699 

Widely distributed in plants, esp. ic 
hemp and cottonseed oils. Aiso in lipii 
mals (component of phosphatides, etc. 
tial dietary component 

Hiragonic acid 
(A*-''>>'‘-hcxa' 
dccatricnoic acid) 

Ci|Ha|Oj 

250.38 

CH(CHj)jCH=CHCHj 

CH(CHj)yCH=CH(CH,)j-COOtl 

0.9288 

mS>1.4855 

Occurs in sardine oil 

a-Elcoslcaric acid 
(rxV-A’'”-'’-octa- 
dccatricnoic acid) 

CitHjoOi 

278.44 

icH3 (CH^)3'(CH=CH)y(CHj),'C00H - 

} 

m.p. 48°C 
b.p. Z3S°CI12 
0.8980 
<1.5080 

Occurs in vegetable oils, esp. tung oil 

(1-Elcostearic acid 
(/r<jHx-A’-''''*-octa. 
dccatricnoic acid) 

CiiHaoOj 

278.44 

m.p. 71 °C 
< 0.8839 
<1.5000 

Formed from o-clcostearic add by at 
light, heat and chemical reagents 

Linolcnic acid 
(A*>'*'‘**octa- 
decatrienoic acid) 

CnHjoOj 

278.44 

CHCH2-CH=CHCH,-CH, 

II 2 2 J 

CHCH2-CH=CH(CHj),-C00II 

m.p.— 11.2 

to -irc 

b.p. 

230-232°C/17 
0,904 6 
<1.4780 

Occurs in many vegetable oils, esp. dry 
such as linseed oil. Also in traces in anii 
(phosphatides) 

Stcaridonic acid 
(moroctic acid, 
A‘.«.”.“-octa- 
dccatetracnoic 
acid) 

Ci*Hj*0* 

276.42 

Cnj-CHjCH=CHCH;CH 

CH(CHj)2CH=CH(CH2)j-CH 

CH(CHj);C00H 

1 

ri” 0.9297 
< 1.491 1 

1 

Occurs in fish oils. The position of the 
bonds is not confirmed 

Timnodonic acid 

eicosapcntaenoic 

acid) 

Cs.HsoO. 

302.46 

CH,-CH=CHCHj-CH=CK 

3 2 1 

CH'iCHjlyCK^CHCHj 
CHP2)2 'CH=CH(CHj)jCOOH 

1 

i 

i 

1 

Occurs in sardine oil, cod-liver oil, pilot 
oil and oil from Sqitalus sucklii (spiny do 

Arachidonic acid 
(A®-*-”'’‘-eicosa- 
tetracnoic acid) 

C..H„0. 

304.48 

CHy(CH2)yCH=CHCHj-CH 

chch,ch=ckchJh 

II ^ 

CH-PjlyCOOH 

m.p. -49.5'C 
< 1.8482 

Occurs in ' " ' ■ : ■ ' ' 

'Essentiar 
ctary linolcic acid 

Clupanodonic acid 

sapcntacnoic add) 

CjjHjiOj 

330.52 

CHyCH2-CH=CH(CHj)yCH 

CHCCH3)j-CK=CHCHjCH 

CH(CHj)jCH=CH(CHj)j-COOH 

m.p. < — 78'’C ( 
b.p. 2i(,°CI5 1 

0.9290 i 

<1.4868 

Occurs in fish oils 

Nisinic add 

tetracosahexaenoic 

acid) 

Cj (HaiOj 

356.55 

CHyCH2-CH“CHCH2-CH=CHCH2 

CH(CH2)2-CH=CliCH2-CH='CH 

|H(CH2)2-CH=E«P2)3-M»i 

1 

j 

i 

Occurs in tunny oil 

Thynnic acid 

(Ai-bcxacosahexa- 
cnoic acid) 

C.^HjcOs 

384.61 

_ £ 

t 

i"> 0.9433 

1.5022 

i 

Occurs in tunny oil 
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!l t9(conUniitJ) Fatty acids 


Name ^ 

ronriuia 

ndtnol’iit 

Stnictaw 

propettua 

Remarla 

(fox references tee page 372) 

Kiric acid 
(&-stearolic acid, 
6-octadecynoic 
acid) 

C,.H.,0, 

280 45 

UitalkTalti (auljitw) itrai^t-t 

CHj(CH,)^CHC(Ct^),(WlH 

\Mn mmetarboity 

mp 50 5"C 

e a<ids 

Occurs in fat of Pirramnia spp. (tariri) (bitter- 
bush oil) 

eirolic acid 

(9-octadecytioic 

acid) 

C„H..O, 

280.45 

CHj(CH,),CsC(CKj),a)OH 

m p 43 S*C 
bp.260*C 

Focmed by oxidation of oleic or claidic acid 

ehenolic acid 
(13-doeo$ynoic 
acid) 

C„!!..0, 
336 56 

C8,(CHj),CsC(CH,)„tOOH 

m p. 57 5'C 

Formed by oxidation of erucic or brassidic add 

sobutytic acid 
(2-meihyl> 
propanoic acid) 

C.H,0, 

8811 

DraiuktJ-ihaiii nmt 

a,' 

arhtxylK atiJs 

mp. -47*C 
b p 154 4»C 
/«0949 

It? 1 303 

Occurs free in eatob beans as 

ethyl ester in croton oil, also in faeces and as 
product ofenzymicbreakdosra of proteins In- 
letmediate In metabolism ofs'sIme(seepage396) 

Iiovaletie acid 
(3*m<chyIbutanoic 
acid) 

1 C,H„0, 

1 10213 

I ^';:eHCH,cco« 
j CfS 

j 

mp — 5I*C 
bp 176 7*C 
ii.0 037 
-•••150178 


TiRlic acid 
(f^^2 methyl-;^'* 
'bMtcnoic aod) 

1 C.I1.0, 
100 12 

CMjlM»CC00H 

1 k 

1 

m p 64 $*C 
bp 198 5*C 

-t,' 14342 

Occur s in croton oil (glyceride) in Roman cum- 
in Oil (esters), m geranium oils Intermediate m 
Ttiws.'eiA'ivm ot WiVnaeme (tee page '5^6') 

Iiomymtic acid 
(IJ-mcthyliri- 
dccanoic acid) 

I C.,H,.0 

1 238 38 

1 WjM(EN,VCOCH 

Olj 

mp 5I»C 

Occurs together with other eren-numbeted 
acids fromCji 6rtt>C,i as esters in wool wax'* 

aa/ilsomar^iic acid | C|,tI>,C 
(14-jnfthyIbcia- 27d46 
JeciSVMc acid) 


m p- 36 8*C 
i«fo+52* 

Occun togethec with other odd-numbered ««/c- 
M acids from C, 6, to C„ as esters m wool 

Tubetcnlostearic acid C,iUt,C 
(o-t-1 lO-methTl- i ?7a5I 
octidecanoic acid) 1 

k 

mp 12 5-129 
(235-25 8)X 
bp 180"Q01 
^••0877l 
-£.•14512 
lalj; -008* 

Occurs free in lipids of tubercle bacilli and Myee- 

batltrmm kprat* 

PhTtinic acid 

ttiflbylStia- 

decaroic »cid) 

c«ii«o 

31354 

1 

mp 

-6 to -7n: 

Present in traces in animal fats, buttet and m 
blood serum (mcttasedmREFSl.'M’s syndrome) * 
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Table 19 ( tomliided) Fatty acids 


Kftmc 

Formula 
and mol.we. 

Structure 

Physical 

pfopcfties 

Kemarks 

Mycolipcnic acid 
([+]-2.-1.6-tti- 
(iicthyltctracos- 
2-cnoic acid) 

C}7HjjOi 

408.71 

%'(CHj),,CKCH 2CHCH=^C00H 
CHj CHj CHj 


One of the 3 pbthioic acids of tuben 

Mycoccranic acid 

CjjHjiOj 

480.87 

CHjtCiy^CHCHyCHCHyCHCOOH 

% CHj CHj 


In the lipids of tubercle bacilli^ 



Hydroxy acids 


a-f-fycftoxymyristic 

acid 

(2'bydroxytctr3- 
dccanoic acid) 

CnHjiOj 

244.38 

CHj-Pjiii-CHCOHycOOH 

m.p. 81-82‘'C 

Occurs as esters in ■wool "wax'* 

a-Hydroxypalmitic 

acid 

(2-hydtoxyhexa- 
dccanoic acid) 

CjdHjiOj 

272.43 

CHj-PjlijCttpycOOH 

m.p. 86‘’C 

Mo -5-0° 

Occurs as esters in wool wax"' 

a-Hydroxystcatic 

acid 

(2-hydroxyocta- 
dccanoic acid) 

CnHajOs 

300,49 

CH3(CHj),5CH(0HyC00H 

m.p. 93^C 

Minor component of cerebrosides i 
human brain 

Ricinoleic acid 
(f/V-12-hydroxy- 
A’-octadecenoic 
acid) 

CieHaiOj 

298.47 

CHCHjCHtOHypjisCHj 

CH(CH,),C00K 

m.p. 

5,7.7 and 16°C { 

{3 forms) ) 

b.p. 250X115 1 

«|» 1.4711 1 

M»+7.8'' i 

( 

As glyceride, chief constituent of cas 

2-Hydtoxytrico- 
sanoic acid 

370.62 

CH3(CHj)j5CH(0H)C00H 

i 

1 

( 

1 

1 

( 

Component of normal brain ccrebros 
tent of about 7% of total fatty acids 

Cerebronic acid 
(phrenosinic acid, 
2-hydtoxytetra- 
cosanoic acid) 

384.65 


m.p. j 

90-93 (102)X 
[a]»+3.33'’ ( 

j 

i 

1 

Component of cerebroside phtenra 
bron). About 15% of total fatty acid 
cerebrosides ® 

2-Hydroxyncfvonic 

acid 

(2-hydtoxy-A''' 
tetracoscnoic acid) 

CjiHjjOa 

382.63 

CHy(CHj),CH=CH(CHj),j-CHp)-COOH 

m.p. 65°C 
[oc]« +2.87” 

1 

Component of cerebroside hydroxynr 
which the isomeric A''-acid is also a co! 
About 12% of tot.al fattj' acids of !; 
jrosidcs 

References 

1 (1549); MORTO.sandToDD.RiwAw/. 

47, 327 (1950). 

2 Bounds ct ffJV, 

a HoZsN and Sxx,y.^«/:ar» 205, 55 (I®). 

5 and Shirts, J.Amer.ehea.Sc.., 71, 3804 {1S49): LiNSta-so ct 

nKuE-NK and KAiaKr., Hoppt.S!yl:ri Z.pkynd.Chr:., 333, 1 
AviGSS, ^,,B'cchtn.hiophps.Aclj{Ar:ft.), 116, 391 (1966). 

’’ VosG.iR, K./.cAcn.Scc., 1954. 1008, 101 1; .Isjrii.vr.iu cl a!.. 
jcavJ., 11, 196 (1957); l.EOimra,E.,,-!a^;='.CAfrt..72, 372 (196 
NCRU, J., in R.SUEN, U.M. (Ed.), Bkchnischs nschrhA, 2nd 
Springer, Berlin, 1964, page 2e8. 

^ CHiCN“.SLLct3l.,fFrr4f*s./., 55,707(1953); Mistosvar.d Barren! 
chcn.Sc!.. 76. 2S25 (1954). 
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(Fot RfeKocci ice page 377) 

,, pl(Oy,CMH CH(CH,1,CC0H 

id>..= .liph.ifci«onot.>boi,lic.t.d..R COOH,-,h«c I»,(CH,1,CII 

fated ot unsaturated, straight-chain or branched radical. O***® Elaidic acid (/rw) 

' ' ' ' ■ Un$atutatcdfattyacidswithmorethanonedoublebond(polyole- 

■ ' fiaicotpoljrefbenoid acids) play an important role inanimalnutn- 

tion, some arc apparently not synthesized in the organism at a rate 
sufficient to meet the requirements of growth and are therefore es- 
sential constituentsof the diet The most impotiantof these areti/-cir- 
Imoleicandarachidonicacids.theso-called'essential fatty acids’, the 
ingestion of any of which is effective m preventing ot curing the fat- 
defkiencysyndrome due to a completely fat free diet (see page 492) 

p 


. true aiiiuuiKS, e g , eiaioiL aciu tnsnr isuniet ut oleic 
I vaccenic aeid (/rexi-ll-octadecenoic acid] Cir-rreitr geo- 
isomerism is illustrated by the case of oleic and claidic 


Prostaglandins 
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(For references sec page 377) 


AcylRlyccroIs (fats) 

I he ncylftlyrcrols arc formed by esterification of giyccrol witii 
one, two or three fatty-acid residues, yielding respectively a mono-, 
di- or triglyceride. o j . 

The n.atural fats arc composed almost cxclusivelyof triglycerides 
(ticutral fats) togetherwith traccsofmono-and diglyccridcs, Lipids 
of the two latter types arc formed during digestion and absorp- 
tion of triglycerides and arc found among the circulating lipids of 
the plasma. 

At room temperature natural fats may be solid or liquid, and most 
contain at least 5 and up to 12ormorc difictent fatty-acid residues. 
Chemically, they arc complex mixtures of mixed triglycerides. 


CllyOCOn 

CtlyOH 

Cllj-OCOR 

CllyOCOR 

CHyOCOR 

OTOil 

lilOCOR 

\ 

CIIOCO-R' 

dlfOH 

llfi-O-COfi' 

inj-OII 

ctijOti 

iliyOK 

1 

CHyO-CO-R' 

ifiyO-COR" 

a-Mono- 

[J-Mono- 

a,()-Di- 

«.a'-Di- 

Tfiplyccridc 

pjyccridc 

plyccridc 

glyccridc 

glyccridc 

(l,2;3-tri- 

(l-ncyl- 

(2-acyI- 

(1,2-cIiacyI- 

(I,3-di3cyI- 

acylglyccrol) 

plycctol) 

glycccol) 

glycctol) 

glycero!) 



The tendency in all natural fats is towards maximum hetero- 
geneity in the composition of the constituent triglycerides. 

The fatty acids of most natural fats consist of mixtures of saturat- 
ed and unsaturated acids. In general, the higher the proportion of sa- 
turated to unsaturated acids, the higher the melting point of the fat. 

Prom the standpoint of their fatty-acid composition, the depot 
fats of land mammals arc characterized by a preponderance of 
oleic .acid, palmitic acid and in some important eases (c.g., ox, 
sheep) stearic acid. In the milk fat of land mammals this prepon- 
derance is diminished to an extent corresponding to the additional 
presence of the lower saturated fatty acids Cu down to Q (butyric 
acid). Tlic depot fat of man contains the following percentages 
(by weight) of fatty acids : oleic 45, palmitic 25, linoleic 8, palmit- 
olcic 7, stearic 6, The fats of aquatic animals contain mainly the 
higher unsaturated acids C,, to Cjj together with usually 10-18% 
of palmitic acid. 

Vegetable oils arc often rich in the unsaturated C,b acids oleic 
(Cn:i)i linoleic (Cms) and linolenic (Cma). The seed fats of the 
Patmae are rich in lower saturated fatty acids (e.g., 37-51% Cu, 
some Cio and C, in coconut oil), and the Myristieateae yield much 
myristic acid (60-17% Cu in nutmeg oil). 

In any particular tissue in the same species of animal the com- 
position of the fat shows variations, and it is known that this is due 
at least in part to dietary differences. An example is the ‘soft pork’ 
produced from swine fed on soybean oil. 

Absorption, transport and storage of fats^ 

The dietary triglycerides, which contain iong-chain or medium- 
chain fatty acids, ate hydrolysed in the intestine by pancreatic li- 
pase in the presence of conjugated bile salts to yield p-monoglyc- 
crides and free fatty acids. The p-monoglycctides may in small 
part be isomcrized to their a-isomets. The reaction products, in 
the form of bile-salt micelles, arc mainly absorbed in the upper 
gut. Both a- and p-monoglyccridcs arc readily absorbed by the 
intestinal mucosa. A small part is hydrolysed and some is con- 
verted into phospholipids. The major portion, however, is directly 
acylatcd to triglycerides by enzymes present in the brush border 
or in the microsomes. This resynthesis of triglycerides is not a 
random process and certain fatty acids are preferred in given po- 
sitions of the glycerol molecule. Medium-chain fatty acids arc not 
re-esterified by the intestinal mucosa but transported via the portal 
circulation to the liver, where they are largely oxidized. Most of 
the reformed triglycerides pass from the villi via the lactcals, the 
intestinal lymphatics, the thoracic duct and the subclavian vein 
into the systemic blood stream, but a small portion m.iy reach the 
liver via the portal circulation. 


• chyiomittons arc rapidly removed from the blood stti 
m the adipose tissue, heart muscle and liver. In the adipose ti; 
the triglycerides rapidly undergo considctabic degradation, 
their constituent fatty acids arc used for resynthesis of new 
glycerides and phospholipids and also for combustion to C 
Since the body s capacity to metabolize the fatty acids is iimii 
drastic changes in the fatty-acid composition of dietary fats r 
affect that of the depot fats. 

Depot fats. The principal locations of depot fats in the body 
subcutaneous, intramuscular, in the omentum, and in associat 
with various organs such as the heart, kidney, mesentery, ovaf 
etc. Their main function is that of an energy- reserve, for which p 
pose they arc more efficient than carbohydrates or proteins, 
warm-blooded animals, subcutaneous fat often provides insulati 
against heat loss which is essential for survival. Adipose tissue a 
affords some protection against mechanical injury to import: 
organs. In certain species, notably some marine animals, triglyo 
ides arc almost entirely replaced as energy reserves by other iipii 
for example waxes. In any particulat animal the amount of dep 
fat laid down is dependent on the state of nutrition and other f: 
tors and it is being continuously utilized and replaced. 

In addition to dietary fat, triglycerides synthesized in the boi 
itself ate also stored, the fatty acids arising from carbohydrates at 
thus indirectly also from proteins, and the glj-ccrol mainly fro 
the splitting of blood glucose. 

Unsaponifiable matter of fats 

Natural fats contain a ptopottion of unsaponifiable matter varyin 
fromO.t to 5%. This consists chiefly of cholcstcroland other sterol 
carotenoids (hydrocarbons related to carotene), and the fat-solubi 
vitamins (see pages 457-469). The re,isons for the occurrence c 
these substances in natural fats are presumably their solubility i 
triglycerides and insolubility in water. Many fats contain sttry 
esters of fatty acids (sec under ‘Waxes’, page 377) in addition t' 
free sterols. 

Cholesterol is a normal constituent of all animal tissues and : 
major constituent of brain and nerve tissue in particular. Dietir 
cholcsteryl esters arc hydrolysed in the intestine and the free sterol ii 
absorbed by the brush border. It is then transferred to the mucos.i 
cells by a displacement mechanism, re-esterified and transpottcci 
to the lymph-**. Most of the body’s cholesterol is synthcsizctl 
endogenously, however, from aceq-I-eoenzymc A (see pages 426 to 
427), principally in the liver. In the plasma, cholesterol circulates 
as a component of lipoproteins (see page 601). 

The hydrocarbon squalene occurs in the liver oils of many clasMO- 
branch fish, particularly sharks (up to 57% h.as been reported), also 
in olive oil, yeast fat and human skin. Its role as a precursor of cho- 
lesterol in the animal liver has been demonstrated (see page 426). 



Alkoxydiglyccridcs 

The liver oils of Elasmobranch fish contain considctabic pro- 
portions of compounds differing from the trigiyccridcs in con- 
taining an ether linkage. TItcy arc diglyccridcs in -n-hich the re- 
maining hydroxyl group has formed an ether with a higher .ali- 
phatic alcohol (R-OH) and may therefore be dcsign.atcd either as 
alkoxydiglyccridcs or as fatty acid esters of glyccrj'I ethers: 


Blood fats. Fats ate transported in the body by the blood strc.am 
in the form of fine droplets of 1 pm or less in diameter known as 
chylomicrons. They are surrounded by a stabilizing film of protein 
U-and 0-globulins) and can be separated by ccntrifuging.Thc level 
M fats (and of other lipids) in the blood (see pages 590 sq.) rises 
after digestion of a meal containing fat. Hypcrlipacmia also occurs 
after several days’ fasting, when it is due to increased metabolism 
of depot fat following the exhaustion of glycogen reserves. Inges- 
tion of alcohol, as well as the administration of various narcotics, 
also causes a marked increase in blood fats. 


CHyOR 
I ^ 

CHOCOR' 

fflyOCOR" 

Alkoxj'di'glycexjJcs 


tfish liver oil consists almost exclusively of such compouni 
contains practically no triglycerides. i9ig!yccr!dc 
insaturatcd higher aliphatic alcohols occur m the pl.ism.ikgc 
on (sec page 376). 
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Constituents of Living Matter >■ Ltpids 

(Fot itfcicncti Kc |«tge 377) 


pkoiphalUtt 

elycerophoJphaudei ire of umyefssl ocoutenee. Cbenu* 
S«y conjue of a-glyceropho*phof ic »eid tstenfied wnh fatty 
nd,'of other constituents. 




,<IK M 

lO-M 


PhipfuiiJii seiM Phoiphaiidic eeiJs, the simplest of the 
oj>hosph«idei ^nd those most similar chemically to the tn- 


Aphosphatidicaciddetiyative of importance is cardiolipin.which 
plays a role in theWASSERMANN reaction First isolated from heart 
muscle, it consists of an a.^'^diRlyceride in which the ester res- 
idues ate both phosphatidic acids ' 


oliplds (phosphaildea) 

Uy speaking, the phospholipids (phosphatides) ate esters 
acids in which the alcohol component of the molecule 


-r-tHj CHjDCflS 

Csnliolipiit 


The fatty acids of cardiolipm consist almost entirety of oleic and 
linoIcK acids in the ratio 1 :5. E.to/i is capable of forming cardio- 
Itpin from a-phosphatidylglycerolt 

(b) PhosphattJjl tilers These substances are phosphatidic acids 
estetified with the hydroxyl groups of ethanolanune, choline or 




CHj-k-CH, 

Ct^CH* 

Choline 


CfljOH 

jriCOCIH 

KH, 


r 

BH, 

C(lunc4snufle 

The resulting three types of phosphatidyl ester are 

frcootH D 

iKjC-P-D-CHjCHjNHj 

M 

a-PbosphstidylcihanoIaininet (cephilins) 

CHjOCOR 

RCOOtM 0 R’COO^H 0 

CHjfl-l-O-OijCHjVCH, rH dH, 

» Wj M {ffilH 

a-Phospbaiidylehotinet (lecithins} a Pkosphatidylsetines 

The term 'cephalm* was originally giren to an ethanol-insoluble 


The lecithins obtained from many sources have alt been shown 


wphatidic jc^ have been isolated from a wide range of plant 


« J 

h,d-|hj-ch,ch,i|-ch, 
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I 


Wj-ocon 

H CHj + n'.cooii 

CI(,0-f-0-C)Wlp-CH, 

j- \ 

I.ysoltcftliins Fn„y acid 

0^) a-G/fceraphtp/ioryhompoimits that lack both of the fatty acids 
■esent jn phosphatidyl esters occur in mammalian tissues and 
lids*®. They arc «-glyccrophosphorylcthanolamine and «-glyc- 
ophosphorylchoiine ; 



Glycctophosphotylcholinc a-GIyccrophosphorylclhanolaminc 


(r) PhosphatidyimosiliJes'^. At least three distinct inositides have 
cri described. These have been differentiated on the basis of the 
psitol derivatives obtained on hydrolysis. One type, the phos- 
latidylinositols (phosphoinositides) ate analogous to the glyc- 
aphosphatides. They occur in liver, heart, wheat germ and soy- 
an, and have the following structure: 



a-Fhosphatidylinositols 


Di- and ttiphosphoinositides have a similar structure with, in 
lition, either one or two phosphoric acid groups esterified with 
! inositol moiety’®. 

’hosphoinositides ate important mctabolically active cornpo- 
its of the myelin sheath, with a high turnover rate. They ate 
and to neuroketatin and to peptides (phosphatidopep tides) coo- 
ling p-abaninc*®. 

f) Acetal phasphatidcs (plaSmalogens). These compounds arc 
sely related to the phosphatidyl esters. Plasmalogens containing 
anolamine (phosphatidal cthanolaminc) predominate in nature, 

: compounds in which cthanolaminc is replaced by either serine 
losphatidai serine) or choline (phosphatidal choline) are also 
lely distributed in many tissues. Phosphatidal cthanolaminc is 
major ethanolamine-containing lipid of myelin. 

’lasmalogens give a positive reaction for aldehydes, and the 
rhydes corresponding to stearic and palmitic acids have been 
lated from the crystalline acetal phosphatides of brain. About 
different aldehydogenic chains occur in plasmalogens, 25-35% 
them branched*®. They have been shown*® to contain two 
g-chain alkyl groups, one of which is present in ester linkage 
1 the other in an unsaturated vinyl ether linkage; 

CHj-OCii^CH'n 
B’C0o|h 0 

CHj-O-P-OCHyCHyNHj 

O' 

Acetal phosphatides (plasmalogens) 

'he existence of a phospholipid in malignant tumours has been 
arted. The compound, which possesses a marked affinity for 
toporphyrin III, is composed of choline, spermine, phosphoric 
1 and fatty acid. The following structure has been proposed®®: 

0 CBj 

^ -f) 

MR O' M3 


Analogues of acetal phosphatidt 
With a satiuatcd a,|3-bond in the ethereal alkyl group, occur 
myclm and other tissues. They may be regarded as alkyl ethers * 
lysophosphatidcs, e.g., glycerol l-hcxadecyIoxy-2-acyI-3-phosphi 
^Icthanolamine. They lack aldehydogenic properties, resist son 
hydrolytic ptoccdutes, and arc important components of the ceph 
Im B complex of glyccrophosphatides, which is difficult to separai 
from sphingomyelin. 


Sphingolipids 

In the sphingolipid group, the base sphingosine {erythro-irans-\Pi 
dihydroxy-2-aminooctadec-4<nc) replaces glycerol. A single fatr 
acid radical is attached to the mtxogen by an amide linkage; th 
acylsphingosincs arc known as ceramides. Some sphingolipids an 
phosphatides, but others contain no phosphorus. 

CHj 

(M?);3 

CK=CH 

I 

HCOH 

mJn 

^1 

CHjOR 

Sphingosine 

In some members of the sphingolipid group, sphingosine is re- 
placed by dihydrosphingosine (in which the double bond of sphin- 
gosinc is saturated), or by the 4-hydtoxy derivative of dihydtosphin- 
gosinc(I,3,4-tribydtoxy-2-amino-octadccanc),phytosphingosincor 
its C,j homologuc. 

(a) SphingamyePm. The only sphingol/p/ds resemb/ihg tbeglyceca- 
phosphatides are the sphingomyelins: 


CH«Ct1 

I 

RCOH 

i 

RCOKHCH 0 CH, 

I II J 

CHj-O-P-O-CHj'CHjIl-CHj 

0- CHj 

Sphingomyelins 

Sphingomyelin is an important component of the myelin sheath. 
The sphingomyelin of grey matter contains mainly stearic acid 
that of white matter mainly C,,., add with lesser amounts of C,, ,, 
Otf.}, Cii, Cjs and Cn acids. 

(i) Cerebrosidei ®®. Ccrcbrosidcs are widely distributed in nature. 
They consist of ccramidc attached by a P-glycosidic link.agc to a 
sugar, usually galactose or glucose but sometimes a di- or tri- 
saccharide. Myelin contains large amounts of galactoccrcbrosidcs 
(ccramidc galactosidc), separable into four classes on the b.isis of 
the fatty add linked to sphingosine. A proportion of each galacto- 
ccrebrosidc contains dihydrosphingosine in place of sphingosine. 


CHj 

(^2)13 



Ccrcbrosidcs 


Other fatty acids, ranging from C,t to C„, as well as the corre- 
sponding a-hydtoxy acids, also occur®-’’®’. The a-bydroxy acuis 
constitute 50—60% of the total fatty acids. 
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Cercbrotide 

Constituent fatty acid 



lagnocciic acid 

CKj-PslatOOH 

Phrenosin 

Cerebronic acid 

CHj-(CH,\,-CH(OH)COOH 

Ntrtofie . 

l^trscmic acid 
CHj-{CH,),CH-CH(CH,>,'CXfl 

Hydroxynetvone 

Hydtoxynerrofuc acid 

W (CH,)„tH(0H) CCCH 



Wai(«s 

Thesaponiiuble waxes (as distinct from the hydrocarbon ' 
«K coaveniemly dinsible into the so-called /rue waYtr, whi 
long-cbain fatty-acid esters of long-chain aliphatic alcohol 
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Steroids' 

Slcrtochtmislry 

The nntunlly occurring steroids include the sex hormones, the 
adrcnocorticaniormones and progesterone as well as cholesterol 
and the bile acids. All steroids possess the c>'clopentanopcrhydto- 
phen.inthrenc ring system, a fairly flat structure conveniently rep- 
resented as planar: 



Cyclopent.inopcrhydropVicnanlhrcne ring system 

The s,Ve\tton (n'odc'os) of tVic steroid molecule consists of three 
six-mcmbcred rings A, B and C and a fivc-membered ring f). Each 
of the six-mcmbcred rings is in the ‘chair’ conformation: 



'Chair' conformation 



Sac series of steroids saturated at C-5 



Sp series of steroids saturated at C-S 


There may be methyl or other groups at C-10 and C-13 and a side 
chain at C-17 of up to eight carbons. In the oestrogens ring A is 
aromatic. The system of numbering is shown in the figure above. 

In these structures all the carbon atoms shared by two rings arc 
asymmetric and, in addition, replacement of hydrogen atoms on 
other carbon atoms by other monovalent groups introduces further 
asymmetry. Since the biological activity of steroids is dependent 
on the stereochemical configuration it is essential to give precise 
designations. In the skeleton as shown in the figure the side nearer 
the observer is designated ‘p’ and the other side ‘a’; thus in cho- 
lesterol the hydroxyl group projects towards the observer from 
the plane of the steroid skeleton when arranged as in the figure and 
so is ‘above’ it and thus ‘p’. The systematic name for cholesterol 
is therefore cholcst-5-en-3P-ol. In structural formulae, groups with 
P configuration arc shown as attached to the steroid skeleton by 

a continuous line ( ), those with a configuration by a dotted or 

broken line ( ). Groups of unknown configuration arc shown 

attached by a w.avy line ( ) and designated in names by the 

Greek letter. The prefix ‘cpi-’ is used trivially to indicate inversion 



P configuration 
(R above the plane 
of the ring) 



I 

R 


ot configuration 
(R below the plane 
of the ring) 



^ configuration 
(configuration 

unknown) 


or between C-5 and C-6, there is no hydrogen at C-5 and 1 
stereoisomerism at the A : B ring junction. The prefix ‘allo-’ 
merly used to denote the Sa configuration. The C„ stcro: 
ton with 5a configuration was formerly called coprostanc v 
5p configuration was called cholcstane; the names Sa-ch 
and 5p-cho]estane are now used. The Ci«-steroid skeleton 
configuration was formerly allied androstane while the 5p 
uration was called aetiocholane or actianc; they are now 
as 5o-androstane and 5P-androstanc. 



t\‘-Stcroids 


The symbols a and P arc also used to denote stcrcoisomc 
C-20. For this purpose the carbon atoms C-20 and C- 
assumed to lie in a plane parallel to and above the skeleton; 
v.i!cnt groups attached to C-20 may then be either above thi 
(P) or below it (o). 



20i-Hydrosy- 20p-fiy( 


of a substituent; thus the mote common natural form of ocstradiol 
is the 17P-hydroxy compound (17p-ocstr3diol) while the less com- 
mon 17a-hydroxy form is often referred to as 17-cpiocstr3diol ot 


simply epioestradiol. 

There are two distinct series of naturally occurring steroids 
saturated at C-5 which differ in their stereochemistry at the junc- 
tion of the A and B rings. The scries in which the A:B junction is 
/rant is designated ‘5a’ because the hydrogen attached to C-5 is on 
the a side and is iraiis with respect to the methyl group attached 
to C-IQ. The series in which the A;B junction is r/r is designated 
‘5P’ because the hydrogen attached to C-5 is on *c p 
or with respect to the methyl group att.iched to C-10. In 
unsaturated at C-5, i.e., with a double bond between C-4 and C-5 


Chmfication 

Steroids arc classified both by the total number of carbon : 
in the molecule and according to their function (see opposii 

CirSleroids — parent compound gcn.ir.f, no groups at C-10, 
or C-17. 

C„-Sliroids — parent compound methyl group at 

and no side chain at C-17 ; include the aatumlly occurring or 
gens. 

C),-SJrroiiir — parent compound w.drMfaw, w.w.b.yl gcaups at 
and C-13 but no side chain .at C-17: include the naturally 0 ‘ 
ring androgens. 
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SleniJt — parent compound prtffunf, methyl group* »l &10 
id C-13 and a 2-catbon tide chain at C>17, include the naturally 
:eurting cotticosteroids 

StrreiJi — parent compound methyl groups atO-tOand 

-13 and a branched 5-carbon side chain at C*17, include iruny 
iturally occurring bile aads 

SifreiJs — patent compound <Mettjrtt, methyl group* at C-10 
id C-13 and a branched 8-catbon side chain at C-17, eg, cho- 

lame* of parent compounds of other naturally occurring steroid* 
tr^r/jflf(24-methyl-Sa-choIestane),r/tj»fa//a«(24-ethyl-Sa-cho- 
me), Uneiijnt (4,4,14i-tnmethyI-5ti-cholestane) 



Anilroittne rt«gflaA« 



A 

A 


Cholaiw 


Oideiiane 

hU H Prefixes and lufTixes m steroid nomenclature 

OcmiCil iroup 

Freda 

s... 1 

louhle hond 

1 (in CrlTuI 

1 names only) 

eh.ingei -atie to -m I 

ripic bond 

1 - 

changes -anc to -/m . 

ijdfoxyl 

j hydroxy- 

-ol 

icetate ester 

scetoiy- 

-yl acetate 

xmacate ester 

j henioyloxy- 

-yl benioatc 

;uJphate esttt 

- 

•yl sulphate 

;lucufonoside 

(glucuronide) 

- 

1 -glueurorude 

utbonyl 

ildehrde 

' oao- (formerlv 

1 keto-) 

•al 

miboxjlic tcid 

1 carboiv- 

f -oic acid 

amine 

1 ammo 

•amine | 

halogen 
(eg, chlorine) 

j halogeno- 

j (eg.chloro-) 

1 hahJe(eg,chIonde,l 

1 m In rul names only), 

epoxide 

1 «po^r- 


tihTtie (-C ■ CH) 

j ethynyl- 

1 


Sjiltmaia Homenc/atuTt 

Steroids ate named systematically* by adding prefixes and ,uf. 
fixes to the lumes of the parent hydrocarbons The Gteelc lect^^ ^ 
vas formerly used to denote an olefiruc double bond and is |(,|| 


monal actiTity. 

Prefixes and sufTixcs used in steroid nomendature are listctj 
Table 21. 

Other frrjtxn in ttiTial or systematic use are 
al/a~ (in tririal names): formerly used to denote the Sa-serie, 
saturated steroids 

aiAjJra- (in trivial names): loss of 11 and OH from adjacent 
atoms with formation of a double bond 
JthyJro- (in triTul names) . loss of 2H from adjacent carbon at;,^, 
with formation of a double bond 

ot JtMxj- (in trivial names): replacement of OH by H 
dr-' removal of a whole ring, e g , de-D 
JikjJn- (in trivial names): addition of 2H to a double bond 
tff (m ttivial rumes)' invenion of a substituent from « to & r,, 
from fi to a 

ting enlargement, eg , D-homo> means a six membere^ 

ting 

aar- (preceded by carbon number ot ring letter), removal of ^^e 
carbon atom 

rrm- ringfissionwithaddiiionofoneH to each of the two terminal 

groups (preceded by the number* of the atoms forming 
bond cleaved) 

SttmJ hermtnu 

Steroid hormones tre found in til classes of vertebrates* 
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7 a/7; 22 Names, formulae and hormonal activity of important steroids 


Trivial name 


ChohcaUtferoI . 
Cholaterol. . . . 
Corttxohne. . , 
Ccr/exom .... 


Cor/icotitrone 

(compound B) 

Cortisol 

(hydrocortisone, 17a-hydtoxy- 
corticostcronc, compound F) 

Cortisone 

(compound E) 

OL-Coriol 


^-Cortol . . . 
a-Cortoione . 
^-Cortolom . 


1 1-Dehydrocorticosterom 

(compound A) 

Dehydroepiandrosterone 

(dehydrorVaandrosteronc, 

androstenolonc) 

Deoxycorticosterone 

(ll-dcoxycorticostcronc, DOC, 
cortexonc, 21-hydroxyptcgnen- 
olonc) 

/ 1-Deoxycortisol. 

(cortexolonc, substance S) 

21-Deoxycortisol 

Dexamethasone** 


Epiandroslerone .... 
(/Vrandrostcronc) 


Adrenosterone 

Aetianedione (actiocholanedionc). . 

Attiochoknohne 

3^-Aetioclioianolone 

Aldosterone 

AHoccrtoi 

^-Allocortol 

Allocortolone 

t^-AUocortolone 

es.-AUopregnanediol 

^•Allopregnanediol 

ct-AHopregnanolone 

AHotetrahydrocortisol 

Androstanedione 

Androstenedione 

Androsterone 

Betamethasone * * 


Systematic name 

Formula 

(mol.wt.) 

■ 

Hormonal 

activity* 

Andtost-4-enc-3,ll,17-trionc 

Ci,H„0. (300.40 

) 

' 0 

5P-Andtostanc-3,17-diQnc 

C.,Hs,0, (288.43 


3a-Hydroxy-Sp-androstan-17-onc 

C.,H„Oa (290.45, 

- 

3P-Hydroxy-5P-androstan-17-onc 

C.,H„0, (290.45; 

, 

liP,21-Dihydtoxyprcgn-4-cn-18-al-3,20-dionc 

CriHj.Oa (360.45) 

G,M 

5a-Ptcgnane-3a,lip,17a,20a,21-pcntol 

C:.H„Oa (368.52) 


5a-Prcgnanc-3a,l 1 p,17a,20p,21-pcntol 

CjiHj.Oa (368.52) 

- 

3a,17«,20a,21-Tctrahydroxy-5a-prcgnan-ll-one 

Ca.Hj.O, (366.50) 

- 

3o:,17a,20p,21-Tctrahydroxy-5a-prcgnan-ll-onc 

C„H„0, (366.50) 

__ i 

3a,20a-Dihydroxy-5a-prcgnanc 

(320.52) 


3P,20a-Dihydroxy-Sa-pfcgnanc 

C,,H„Oa (320.52) 

■ 

3o-Hydtoxy-5a-ptcgnan-20-onc 

C.iH„0. (318.50) 

I 

3a,llp,17a,21-Tctrahydroxy-5a-ptcgnan-20K)nc 

C,.H„0, (366.50) 

__ i 

5a-Androstanc-3,17-dionc 

C,,H,,0, (288.43) 

<? t 

Androst-4-cnc-3,17-dione 

C.,H„0, (286.42) 

1? 

3a-Hydroxy-5a-androstan-17-onc 

C,.H„0, (290.45) 

s ; 

9a-Fluoro-llp,17,21-trihydroxy-16p-methylpregna-l,4- 

dienc-3,20-dionc 

Sec Vitamin Dj 


G,A i 

Cholest-5-en-33-ol 

See ll-Deoxycortisol 

C„H4,0 (386.67) 


Sec Deoxycorticosterone 


1 

i 

llp,21-Dihydroxyptegn-4-cne-3,20-dione 

(346.47) 

G, M 

llp,17a,21-Trihydroxyptcgn-4-cnc-3,20-dionc 

(362.47) j 

1 

G,A,M ! 

17a,21-Dihydroxypregn-4-cne-13,ll,20-trionc 

C.,H„Oa (360.45) 

G,A,M '■ 

5 P-Prcgnanc-3a, 1 1 3,17a,20a,21 -pento 1 

(368.52) 

- 

5P-Prcgnanc-3a,113,17a,203,21-pentol 

CnH„0. (368.52) 


3ct,17a,20a,21-Tctrahydroxy-5p-prcgnan-ll-onc 

C.,H„0, (366.50) I 


3a,17a,203,2t-Tctrahydroxy-53-prcgnan-n-onc 

(366.50) j 

- 

2 1 -Hy droxyprcgn-4-ene-3,l 1 ,20-trionc 

(344.45) 

G 

33-Hydroxyandrost-5-en-17-onc j 

C„H„0. (289.44) 

o 

i 

21-Hydroxyprcgn-4-cnc-3,20-dionc ; 

(330.47) 

[ 

G 

1 7a,21 -Dihydroxyprcgn-4-cnc-3,20-dionc 

(346.47) 

G 

lip,17ot-Dihydroxyptcgn-4-cnc-3,20-dionc j < 

:nH„04 (346.47) j 

i 

- 

9a-Fiuoro-16a-methyl-llP,17o,21-trihydro.xyprcgna-l,4- | 

dicnc-3,20-dionc | 

:„H,.FO, (392.47) j 

S 

A,G 

33-Hydtoxy-5a-andtostan-17-onc 1 

\ 

(290.45) i 

1 



O 


* A >int!-infkromatory activity 

G Glucocorticoid activity 


Mincralocorticoid activity tj Androgenic activity Syndictic 

Progestationai activity ? Oestrogenic aetirity 


Steroid; no known natural ocairrcncc. 
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TatU 22 Names, fonnulae and hormonal activity of important steroids 


EpiotstfoJiol . , . • . . . 

(IT-epioestradiol, 

oesttadiol-17a) 

EpiJiilitlmiu 

Equiltnf 

Equilrn 

Er^cihiffol 

Ergeiitfol 

Eihyiyhiii'aM*' 



(9»-fluotoeottisoI, 9j-fluoro- 
hydrocortisone) 

I EiuonwlMan • • (oiylone) . . . 
1 F/naxy-tilrent** 

I t2-9-}ljJr«rypnSHtfr9iii .. . 

j Lanaitr^l 
' Mithylp'n/’utthm** 
AVtrWAfl/sw* • 

(noreihistetone) 

OtttfaJifl (oeitftdioMTS) 
OtitfieJ 

Oulmt 

PnJuMhnt** 

PrtpuiHJitl 

PrtgWIItriai 

Prtp%i*^'oMt 

PrrpufieUiu 

(i‘-ptegnenolone) 

/Vr*^//rw» 

Tir^hyJn-B 

TtraifJrp-E 

TtrraiyJr^r 

TlfrjilJr9-i 


tV’v-rtiW(tetnh 7 dn>F> 
i mfTi.jmt (tetnhydtoE) 

I ilimimD, (eritocalcifetol) 

I iljm9 D, (cholecilcifero!) 


O«stra-l,3,S(10)-tt>ene-3,17a-diol 

17a-Hydtoxyandfost-4-tn-3-one 
3-Hydfo»yoesua*l,3,5(10),6,8-peoteo-17-onc 
3-Hjdrosyoettra*l,3,5(10),7-teua«»-I7-oflc 
See Vitamin Di 

24.M«thylcholesta-5,7,22-tiien-3fl-ol 

17a-Ethyny{oe4tra-l,3,5(tO)-irieiie-3,t70-diol 

9a-Flyoro*115,17o,21-ttthydto*yptegn-4-enc-3,20<lione 


9a-Fluoroll&,17p-dihydroiy-17a-meihylandiost4-en-3-one 
17«-Hydroiypfegn-4-<fte-3,20.diOf>e 
2<la-Hy<ltOTjpfceft4.<n-3-one 
203-Hy<iioxypfegn-4-«n-3-«ne 
4 , 4 , 143 *T(imethylcholesta> 8 , 24 .dien' 3 e^l 
6i-M<thyMl5,t7«,2l-tnhydroxypregna-1.4.dietie-3,2Ci*dione 
t7«-Eth)l-17p.hydfo»y»19*nofandio$t-4-en-3^ne 
l7a-EthynyM79-hydfo*y*19-norandf©st-4-eft-3-one 
17«-EthynyH7&-hydto*yo«$tt-5(10}<n-3<ine 
Oestn-l,3.5(IO)-ttKfte-3.17Miol 
Oetui.l,3.S(101-tf.eoe.3.16«.170.ttiol 
3-Hydroiyo«itfa-l,3,5(lO)-tf>en-17*one 
1 1 S,l?a,2I>Trihydtozyptegiu>14^iefte>3,20^ione 
I 173,21-Dihydtosypregna*1.4-diene-3,1t.2(M(ione 
53-Pfe(tnane-3a.20a.dio! 

S3*Pfegaane-3s,l7a.20a-trioI 
I 3»-Hydrosy-50'ptegnan'2O-one 
' 33-Hydroiypftgn-5.en 20-one 

' Piegn-4-en«-3,20-dione 
I t73-Hy<i{oxyis^ost-4.en-3.oiK 
I 3a,2t-Dih7droi7-5d-prtgaane-tl.20-dione 
I 3a,113,2I-Tnhydroay-SS-pregnao-20oi*e 
' See Urorortisone 
■ See Uroconisol 

^ 3a.l73,2t-Tnh7droa7-$S-ptegnan-20-one 
i 7a-Fluoro-llS,16a,17a,21-t«rahydrOTyptegna-l,4-dicn«. 
3,2(Vdione 

i 3a,113,2t-Tnhydrc>X7-20.oxo-53-pteKnan-18-al 
[ 3 a. 113 . 17 a,ZI-Tetrab 7 droz 7 . 53 -pregnan'- 20 <;ne 
j 3s,t73.21-Tiihydroi7-5S-pteRBane-ll,20Kjione 
I 2*-Methyl.9,10.secochc.lesta.5.7,10(l9).22-tettaen.33.ol 
j 9.10-SecocboIe»ta.5.7.10(19)-tTieoJS-oI 


C„H,.0, (288 43) 
C„H.,0, (266 34) 
C„H«0, (268 36) 

C„H..O {396 66) 


C„H„0. 

C„H«0, 

C„HmO 


(330 47) 
(316 49) 
(316 49) 
(426 73) 
(374 48) 


I 


(27239) 
(283 39) 
(270 37) 
(360.4S) 
(358 44) 
(320 52) 
(336 52) 
(318 50) 
(316 49) 


C.,H,.0, 

CuHiA 

C.iHnO, 

C.,H.,0, 

C.,31„0, 

C,.H,.0. 

C,.H„0. 

C„H,.0. 

C,.H„0, 

C„H„0, (314 47) 
C.,H„0, (2B8 43) 
C„H„0. (348 49) 
C„H,.0. (350 50) 


C,.H..O. (350 50) 
C„H„FO.(394 44) 

C,vH„0. (364 49) 
CuH«0» (366 VJ) 
C„H„0, (364 U) 
C„H„0 {396 66) 
(384 65) 


A, M 
A, M 
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(For references see page 385) 


Eniytnos 

I ‘■''nginK in molecular weight ftom 

ntjout 13 000 (tibonuclcasc) up to ns much as one million (pyruvate 
ilccatboxylasc). They arc purified and isolated by the use of tech- 
niques for fractionating proteins Their general properties will be 
described m the section which follows*. 

Nomenclature of enzymes 

Enzymes arc usually given names indicating both the principal 
fiubstrntc nnd the reaction catalysed (c.g., malatc dehydrogenase). 
Many enzymes have, however, been given trivial names and these 
arc often a cause of confusion, With the aim of eliminating the exis- 
ting ambiguity, the Commission on Enzymes of the International 
Union of Biochemistry has worked out a systematic nomenclature^ 
based on the reaction catalysed (sceTable 24, page 385) and has given 
each enzyme a characteristic number indicating the nature of this 
reaction together with a recommended trivial name (these names 
have been used in the chapter on ‘Metabolism’ on pages 387-445). 

The word ‘enzyme’ usually denotes a catalytic protein plus any 
component that cannot be readily removed from the protein with- 
out denaturing it. The usage is not very rigid, however, for in some 
contexts ‘enzyme’ is intended to include dissociable cofactors and 
in others to indicate the catalytic protein pir/f. If there is danger of 
ambiguity, the catalytic protein is denoted by the term ‘apo-enigme’ 
and the protein plus cofactors by 'Iiolo-en^me'. 

Coin^'mts or prosthetic groups arc nonprotcin organic compounds 
which, in combination with the apo-enzyme, play an intimate part 
in the catalysis by the enzyme. There is no generally accepted dis- 
tinction between coenzymes and prosthetic groups, but the latter 
name is usually reserved for groups that ate bound relatively firmly 
by the protein. ‘y4f/iV<7/erj’ arc usually distinguished from coenzymes 
in being small ions that are required by some enzymes for full cat- 
alytic activity. Some enzymes do not appear to possess a prosthetic 
group or coenzyme nor do they requite an activator. 


lysozymes, ribonuclcasc, a-chymotrypsm) in the crystalline s 
has been determined by X-ray diffraction ^3. In 1969 the first t 
synthesis of an enzyme, that of ribonuclcasc, was accomplishec 
It is now clear that the full catalytic activity of an enzyme depe 
on the integrity of the three-dimensional structure of the fol 
polypeptide chain. Denaturation of the enzyme, with concomii 
destruction of the organization in the chain will usually resul 
loss of enzyme activity. The surface formed by the folding of 
chain in the native structure thus enables the substrate molecuk 
combine with the enzyme at three or more points. Those ami) 
acid residues which contribute towards the formation of 
enzyme-substrate complex and which take part in the catalj 
process together constitute the ‘active site’ of the enzyme®. 1 
folding of the peptide chain thus brings amino-acid residues wh 
arc remote from each other in sequence into close juxtaposition 
the active site. Although the complete structures are unknown, t 
amino-acid sequences near the active sites of many enzymes ha 
been determined (c.g., cytochrome c, trypsin, pancreatopeptidase 
phosphoglucomutase). Studies of this type reveal variations in t 
amino-acid sequences in the same enzyme from different sped 
(c.g., ribonuclcasc)®. Some enzymes, for example those involved 
biosynthetic pathways, appear to have two distinct active sites, oi 
for combining with substrate and another for combining with : 
inhibitor ^ which may regulate the biological action of the enzym 
It is suggested that the formation of a complex between the inhib 
tor and the enzyme induces a conformational change in the enzyrr 
structure that modifies the catalytic activity of the other active siti 
rendering the enzyme inactive. This class of proteins have face 
called ‘allosteric’®. 

Although there is no instance in which the mechanism of actio 
of an enzyme is fully understood, a large number of mechanism 
have been proposed®. The most attractive ideas involve the fo: 
mation of a covalently-bound enzyme-substrate compound it 
which nucleophilic or electrophilic attack on the substrate moict 
is facilitated by the enzyme. 

Enzyme kinetics 


Specificity of enzymes® 

Although nearly all the individual reactions of intermediary 
metabolism ate catalysed by separate enzymes (see pages 405-419), 
few of these enzymes arc absolutely specific to the structure of 
their substrates. Most enzymes can act on close structural ana- 
logues of their physiological substrates, although usually at much 
reduced rates, whilst a few enzymes can act on a relatively wide 
group of substrates. Like any other catalyst, an enzyme catalyses 
both the forward and reverse reactions, but docs not affect the 
final position of the equilibrium. 

There arc no completely general rules of enzyme specificity, for 
in different enzyme systems different parts of the substrate mole- 
cule appear to be important. Thus, the lipases require an ester bond 
in their substrates but there can be very considerable variation in 
the structures of the groups adjoining this susceptible bond. On 
the other hand, chymotrypsin and trypsin require certain configura- 
tions in the neighbourhood of the susceptible bond, but the nature 
of the bond itself can vary. For example, these enzymes will hydro- 
lyse peptide bonds in protein substrates but in certain artificial sub- 
strates (e.g., methyl cinnamate) ester bonds can be hydrolysed. 

An added complication is that those hydrolytic enzymes which 
can act on several substrates are usually capable of catalysing a 
transferring reaction in which an alcohol or an amine replaces the 
water. Many of these transfer reactions ate unlikely to be of physio- 
logical significance because of the prevalence of water molecules 
under physiological conditions. 

Many enzymes show stereochemical specificity in being unable 
to attack geometrical or optical isomers of their substrates. Less 
specific enzymes such as the esterases can, however, attack stereo- 
chemical isomers although usually at reduced rates. 


Structure of enzymes and mechanism of enzyme action 

In 1963 the complete sequence of the 124 amino-acid residues, 
toeethet with the position of the sulphur bridges in the chain, was 
established for bovine ribonuclcasc". Since that time the ammo- 
acid sequence of many other enzymes has been elucidated . The 
three-dimensional structure (conformation) of a few enzymes (c.g.. 

• The enzymes occurring in blood and various body f 

on pages 584-600, those responsible for digestion on pages 40 
zyme units sec page 584. 


When an enzyme is added to a suitable reaction mixture there is 
first a very short lag before a steady rate of reaction is attained”. 
This lag Is so short that it is not detectable when the rate is ob- 
tained from measurements made at intervals of one minute or 
longer. Once established, the rate remains constant for a period 
which may sometimes be as long as several hours, although in 
other cases it may be only a few minutes. The rate of reaction 
begins to fall after this period because of reduced substrate con- 
centration and/or the accumulation of products. This decrease in 
reaction rate is not easily analysed mathematic.a]ly, and it is there- 
fore usual to study only the constant reaction rate. The following 
discussion is confined to this constant reaction rate. 

If the enzyme is susceptible to inhibition by excess substrate (sec 
below) the rate may at first increase as the inhibition is relieved by 
removal of the substrate. 


Ensgme concentration. The reaction rate is usually proportion.al to 
the concentration of enzyme. Strict linearity may not always be 
achieved experimentally, for instance because the enzyme prcp.i- 
ration may contain a dissociable activator or inhibitor or the en- 
zyme may be unstable at low concentrations. Alternatively, the 
rc.iction may have proceeded so far that the rate has already com- 
menced to fall off at the highest enzyme concentrations. 

Hydrogen-ion concentration. Most enzymes possess well-defined pH 
optima with appreciable activity over a range of only 2-3 pH units. 
Some enzymes arc inhibited by one or other of the buffers in com- 
mon use. It is therefore often worthwhile to compare the results m 
one buffer with those obtained in another type of buffer solution 
of the same pH range. 

The study of kinetic data obtained at different pH values with 
different substrates and different concentrations of a single sub- 
strate is of use in investigating the details of enzyme mech.inisms 
For other purposes, the variations in the pH curve with different 
substrates and substrate concentrations arc not usually import.int. 


Vemperatnre. The rate of an cnzyme-catalyscd reaction increases 
a factor which is usually 1.5-3 for every rise of iO'C Thccc i<. 
.vcver, an optimum temperature above which further increase 
bees the amount of substrate reacting because the enzyame hc- 
ncs inactivated. The optimum tempernture for ®hort-tcrm «- 
•iments (c.g., of one hour’s duration) is often about 50 t- 
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Inhibition data plotted according to Table 23 

E^ch bne repretcnti data for a Krica of lubiirate conctntrationa On* line of each gnph it viihoue inhibiiloi) and the other two ire for two diflerti 
roflccotrationt of inhibitor 

i against 1/[S] [S)/^ againsctSJ 

Slope Slope 








Ttalian enzTmea thov little inactiration in the pretence of 
cofacton and aubttrates at 37 'C, $o that thi* » utualty ■ 

>le lerrpenture to atudy the reaction. It la not dettrable to 
ise the teifperature to the optimum bccaute the rate ofeo* 
inactivation, and therefore the optimum cemperatuie.ii often 
fy influenced by alight chingej in the eipenmentileondiiiont 

t/'raff nncntra/ioti At the mitial aubatrate concentration it - < 
ited. the rate of reaction it at firtt proportional ro thit con- 
ation, but at higher valoet it utually becomes rirtoally m- 
ideftt of It This relation can be jutiified iheoteticaHy by coo- 
ing a tnechanitm auch as 
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concentration of enzyme present. A'„ is given by (X:., + Xr,)//t, and 
has the dimensions of concentration. Although K„ is independent 
of both [S] and t, it usually changes with pH, temperature, different 
substrates and the cofactor concentration. may sometimes 
change with ionic strength or with different buffets and, like other 
characteristics of enzymes, it may differ for similar enzymes from 
different sources. 

Equation (2) was first obtained theoretically by Michaeus and 
Menti'.n''’, who assumed that the second reaction of mechanism 
(1) was the rate-limiting step. Under these conditions A-, is much 
greater than X:,, and A'„ becomes X;.,/X:„ which is the dissociation 
constant of the enzyme-substrate compound. This assumption is 
known to be valid for some enzymes but not for others 'A 


Another mechanism of substrate inhibition may occur if there 
is a dissociable cofactor such as Mg+'*- which can combine with the 
substrate. Increased substrate concentration may inhibit by remov- 
ing the cofactor. 

/«/;/i;/orr t®. Two types of inhibition arc commonly encountered, 
competitive and noncompetitive. In the competitive type, the in- 
hibition is reduced by increasing the concentration of substrate. 
Many competitive inhibitors are structural analogues of the sub- 
strate, suggesting that the inhibitor and the substrate combine with 
the same site of the enzyme. Assuming that the inhibitor can react 
reversibly with the enzyme so as to prevent it combining with its 
substrate, it can be derived that on the basis of mechanism (I): 


Evaluation ofMichatlit constant K„ and maximum velocity V. may 
be evaluated by plotting the curve of v against [S]. The experimen- 
tal data can, however, be used more efficiently by plotting certain 
functions of v and [S] as shown in Table 23^- 1®. These plots give 
straight lines if equation (2) is obeyed. The plot of 1 /r against 1/[S] 
has the advantage that the variables are separate and the calcula- 
tions for plotting arc thus quicker. Unfortunately the points arc 
not evenly spread and the errors at low values of v arc accentuated. 
This method gives accurate values for V but less accurate estimates 
for A'„. A statistical evaluation ’ ® of the various graphical methods 
for determining Am and V shows that the third method (Table 23) 
is the most satisfactory and gives the most accurate values of these 
quantities over the usual range of concentration and velocity avail- 
able for experimentation. 


Table 23 Linear plots for evaluating Michaelis constant Am and 
maximum velocity V 


Plot 

Slope 

Intercept 

Ordinate 

Abscissa 

Ordinate 

Abscissa 

i/p 

1/[S] 

KmjV 

l/K 

-1/Am 

V 

vl[S] 

-Am 

K 

VIKm 

[S]/p 

IS] 

yv 

KmlV 

-Km 


It is sometimes convenient, such as when comparing different 
substrates, to plot v against log [S]. This plot gives an S-shaped 
curve instead of a straight line; the inflection of this curve occurs 
at a value of log [S] equal to log Am- 


V = 


Am(l-f[I]/A,) + [S] 


(3) 


where [I] is the concentration of inhibitor and K, is the dissociation 
constant of the enzyme-inhibitor compound. V and A„ arc the 
values obtained in the absence of the inhibitor. 

In a case of noncompetitive inhibition, the amount of inhibition 
is independent of the concentration of substrate and depends only 
on the concentration of inhibitor. An equation to fit this can be 
derived by assuming that the inhibitor combines reversibly and 
equally readily with both the enzyme and the enzyme-substrate 
compound : 


(Am -b [S]) (1 -f [I]/A,) 

This mechanism suggests that a noncompetitive inhibitor docs 
not combine with the active centre of the enzyme responsible for 
combination with the substrate. 

It should be noted that, in competitive inhibition, the inhibitor 
increases the apparent Michaelis constant without affecting the 
maximum velocity, whereas in noncompetitive inhibition thc in- 
hibitor decreases the maximum velocity without changing the 
Michaelis constant. 

A third and less common type of inhibition is that in which both 
the maximum velocity and the Michaelis constant arc reduwd 
to a similar extent, so that there is no change in the ratio A'm/I''as 
evaluated from the plots of Table 23. This type of inhibition has 
been termed ‘uncompetitive’ and is illustrated by the action of 
azide on the oxidized form of cytochrome oxidase The appro- 
priate equation is based on the assumption that the inhibitor com- 
bines only with the enzyme-substrate compound: 


Inhibition by excess substrate. This phenomenon occurs with some 
enzymes and is usually explained by postulating that the enzyme- 
substrate compound (ES) combines with a second molecule of S 
to form an inactive complex which, unless it reverts to the original 
ES form, c.an yield products only slowly or not at all. When r is 
plotted against log [S], this mechanism predicts a symmetrical bell- 
shaped curve if the rate can be reduced to zero by high substrate 
conccntrations.This prediction agrees with experimental findings 


A„-l-[S] (l-h[I]/A,) 

Plotting inhibition data. The different types of inhibition can be 
clearly differentiated by using any of the substrate plots of Table 23 
and thus determining the effect of the inhibitor on the app.ircnt 
A„ or K. Examples arc shown in Figure 7 (page 3S3). A) can be 
evaluated from the quantitative nature of this effect. To show that 


Fig. 8 Inhibition data : plots of 1 jv against [I] ’ ® 

Each line represents data for a series of inhibitor concentrations II) but at different substrate concentrations [SJ. 
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T<tbi€ 2-‘i Cii\ssi{ic:ition und numbering of enzymes 


2. Transferases ((ontinuedj 

2.4 Glycosyltransfcrascs 

2.4.1 Hcxosyltrannfcrascs 

2.4.2 Peniosyltransfcr.'iscs 

2.5 Tratijfctring alkyl or related groups 

2.6 TmnsfettinR nitrogenous groups 

2.6.1 Aminotmaifcnscs 

2.6.3 Oximinotransfcrascs 

2.7 Transferring phosphorus-containing groups 

2.7.1 Phosphotransferases with an alcohol group .as acceptor 

2.7.2 Phosphotransferases with a carboxyl group as acceptor 

2.7.3 Phosphotransferases with a nitrogenous group as acceptor 

2.7.4 Phosphotransferases with a phospho group as acceptor 

2.7.5 Pliosphotransfcrascs, apparently intramokcuUt 

2.7.6 Pyrophosphotransferases 

2.7.7 Nudcotiayliransfcrascs 

2.7.8 Transferases for other substituted phospho groups 

2.8 Transferring sulphur-containing groups 

2.8.1 Sulphurtransfcrases 

2.8.2 Sulphotransfcrascs 

2.8.3 CoA-transfcrascs 


3.B Acting on halide bonds 

3.8.1 In C“halidc compounds 

3.8.2 In /’•halide compounds 

3.9 Acting on P— N bonds 


4. Lyases 

4.1 Oifbon-'carbon lyases 

4.1.1 Cafbox}'-lyascs 

4.1.2 Aldchydc-Iyascs 

4.1.3 Kctoacid-Iyascs 

4.2 Carbon-oxygen lyases 

4.2.1 Hydro-l>*ascs 

4,2,99 Other carbon-oxygen lyases 

4.3 Carbon-nitrogen lyases 

4.3.1 Ammonia-lyases 

4.3.2 Amidinc-lyases 

4.4 Carbon-sulphur lyases 

4.5 Carbon-halide lyases 
4.99 Other lyases 


5. Isonaerascs 


3. Hydrolases 

3.1 Acting on ester bonds 

3.1.1 Carboxylic ester hydroiascs 

3.1.2 Thiolcstcr hydrolases 

3.1.3 Phosphoric monocster hydrolases 

3.1.4 Phosphoric diester hydrolases 

3.1.5 Triphosphoric monocster hydrolases 

3.1.6 Sulphuric ester hydrolases 

3.2 Acting on glycosyl compounds 

3.2.1 Glycoside hydroiascs 

3.2.2 Hydrolysing /V-glycosyl compounds 

3.2.3 Hydrolysing 3‘-gIycosyl compounds 

3.3 Acting on ether bonds 

3.3.1 Thioetber hydrolases 

3.4 Acting on peptide bonds (peptide hydroiascs) 

3.4.1 a-Amino-acyl-peptidc hydrolases 

3.4.2 Pcptidyl-amino-acid hydroiascs 

3.4.3 Dipcptidc hydroiascs 

3.4.4 Pcptidyi-pcptidc hydroiascs 

3.5 Acting on C— N bonds other than peptide bonds 

3.5.1 In linear amides 

3.5.2 In cyclic amides 

3.5.3 In linear amidincs 

3.5.4 In cyclic amidincs 

3.5.5 In cyanides 

3.5.99 In other cowpounds 

3.6 Acting on acid-anhydride bonds 

3.6. 1 In phosphocyl-conlaining anhydrides 

3.7 Acting on C— C bonds 

3.7.1 Jn Uctanlc substances 


’ International Union of BiochemIstr>’, Report of the Commission on 
Nomenclature, ^tcommtndaixons 1964, Elsevier, Amsterdam, 1965. 


5.1 Racemases and cpimerases 

5.1.1 Acting on amino acids and derivatives 

5.1.2 Acting on hydroxy acids and derivatives 

5.1.3 Acting on carbohydrates and derivatives 

5.1.99 Acting on other compounds 

5.2 Cis-tians isomcrases 

5.3 Intramolecular oxidoreductases 

5.3.1 Interconvening aldoses and ketoses 

5.3.2 Imeiconverting keto and cno\ groups 

5.3.3 Transposing C»C bonds 

5.4 Intramolecular transferases 

5.4.1 Transferring aqd groups 

5.4.2 Transferring phosphor)-! groups 

5.4.99 Transferring other groups 

5.5 Intramolecular lyases 

5.99 Odicr isomcrases 


6 . Ligascs 

6.1 Forming C— O bonds 

6.1.1 Amino acid-RNA llgases 

6.2 Forming C—S bonds 

6.2.1 Acid-thiol ligascs 

6.3 Forming C-N bonds 

6.3.1 Acid-ammonia ligascs (amide sj-nthctascs) 

6.3.2 Add-amino-acid llgases (peptide synthetases) 

6.3.3 Cyclo-ligascs 

6.3.4 Other C-N ligascs 

6.3.5 C— N ligascs with glutamine as N donor 

6.4 Forming C-C bonds 


r, Pergamon Press, Oxford, 1961 ; International Union of Biodicmistry, £ 



C«U (netabollim 

TTie metabolism of the uhole body is the result of the metabolic 
•cuTitics of the component tissues Wnhin the last 40 years methods 
have become available for the study of the metabolic activities of 
tsoUted tusues and organs In particular, measurements have been 
nude of the rate of respiration and lactic acid fermentation of many 
types of cells and tissues A few representative figures for animal 
tissues are given in Tables I and 2 


TatU 1 Rate of respiration (j2o^ of animal tissues* 

Representative values, iveasucei] on isolsied tissues, ususlly slues 
auspended in glucose-saline foedium at 33-40*C. Unless othera/ise 
auied the data Rfcr Co rat tissues rorfutthetdaiaseetheliiersture'. 


So ft( li((!« <not« than a beg'inn'ing has been nude in the bio- 
chemical analysis of disease The Vnowledge surctmaroed m the fol- 
lowing pipes represents afoundiiionuponwhiehmoletubr pathol- 
ogy will develop 

Energy metabolitm 

The need foi energy springs from the fact that living matter is a 
thermodyrumieally unstable system that cannot be maintained un- 
less energy is eoniinuoasly added Moreover, living nutter is eon- 
iianily engaged in performing vinous kinds of work, such as 
movement, ehemieil syntheses and trinsponingsubstanees against 
eoncenttaticm gradients Activities of this kind cannot take place 
unless there is a aupply of energy V^ arm-blooded organisms need 
eneiev also to maintain the body lemperituie 

V-'.. , .1... ..a kn nCfnrMt<tuir< In k..V.. 


— 

Micro-orgii 
which the mo' 


? C'ljC-i'-'iJf-V’ 

iisma po»»«» '""’y fennemaiwo, among 

„ tmpomnf is the ilcoKjlic fermentation 



J2o. 

Tissue j2o. 

Kidney cortex . . 

-25 

Rous sarcoma (chicken) — 5 

Kidney medulla (guinea- 


Flexnex’s carcinoma . — 8 

pi^ • 


Erythrocytes ... .—06 

Livet 

-13 

Leucocytes - 9 

Brain cortex . 


Thrombocytes . - 7 

Brain, white matter 

- 6 

Bone marrow, red . .. —10 

Retina 

-30 

Adipose tissue** • .—05 

Spleen 

-12 

Connective tissue (renal 

Lung 

- 8 

capsule, goat) . — 1 

Submaxillaty gland 

-12 

Cartilage (costal) , — 0 5 

Pancreas 

- 4 

Skin (newborn tat) ... — 1 

Intestinal mucosa 

-12 

Striated musele 

Coloruc mucosa 

-10 

- diaphragm . . — 7 

Adrenal gland . 

-10 

- gastrocnemius . — 3 

Pituitary gland 

-12 

- breast muscle (pigeon. 



minced) “40 



Smooth musele (gizzard, 

Testis 


pigeon) - 4 

Jcnscn’s sarcoma 

-11 

Cardiac musele (sheep, 
mmced) -15 

*T^ln»fnitudeoft«ipir« 
krtlWiKMiboJic queiient 

ion and rermentaiion it coinmonly erpretted 
', defined as follows 

f?o.- 


nucroIiiKS of 0, used 

n 

llignmmei dry weight x hours 

Cco, - 

mi 

rolierei of CO. used or oroduced 

tr 

1 

1 

or n. _ 





illigtimmei dry weight x hours 


*’ “‘“sliy indicated by > neeitive sign, 
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Table 2 Rntc of nnactobic lactic acid fermentation (j2i»ciicB.cia) in 
animal tissues* 


Reprcscnwiivt values, rncasured on isolated tissues, usually slices 
suspended in glucose-saline medium at 38-40°C. Unless otherwise 
stated the data refer to rat tissues. For further data sec the literature > . 


Tittue j25|i 

Kidney cortex 3 

Kidney medulla 

(guinea-pig) 28 

Liver 3 

Brain cortex 18 

Retina 88 

Retina (pigeon) 180 

Spleen 8 

Lung (rat embryo) ... 10 

Submaxillary gland ... 5 

Pancreas (rabbit) 3.5 

Intestinal mucosa .... 14 

Adrenal gland 4 

Pituitary gland 13 

Thymus gland 8 

Tissue 

Testis 8 

Jensen's sarcoma 32 

Rous sarcoma (chicken) . 30 
Flexner’s carcinoma ... 30 

Erythrocytes 0.35 

Leucocytes (polymotpho- 

nuclcar, rabbit) 22 

Leucocytes (mono- 
nuclear, rabbit) 22 

Thrombocytes 26 

Bone marrow, ted 21 

Adipose tissue** 0.7 

Cartilage (costal) 1.5 

Skin (newborn tat) 7 

Embryo 12 

* See footnote * to Tabic J, page 387. 

Calculated for dry weight less ether-soluble matter. 

^ Kr-eds and Johnson, Tab.hhl. (Amit.)t 19, 100 (1948); Albritton, 
E.C. (Ed.), Standard X'^atua in Nuirithn and Metabolism^ Saunders, Phila- 
delphia, 1954. 


There arc wide variations in the metabolic activities of diffe 
materials. The highest rates of respiration and fermentation 
found among micro-organisms. Azo/obacter, for example, at 3 
can give J2o, values of over 8000, and rates of 100-200 arc c 
mon among bacteria. Anaerobic fermentation rates inmicro-or| 
isms reach figures up to 400. The maximum rate of lactic 
production in muscle can probably reach j2i?’ values of well t 
100 for short periods. Avian retina gives the highest contini 
rate of lactic acid production among animal tissues = 18 

pigeon retina). 

Low metabolic rates arc generally found in tissues of relati' 
low physiological activity. This is true for resting glands or mu 
and in particular for tissues whose function, like that of connee 
tissue or bone, is largely structural or, like that of adipose tis; 
is concerned with the storage of metabolically inert material. 

The rates of respiration and fermentation increase with tempi 
ture, like the majority of other chemical reactions. At a crit 
temperature - in the case of warm-blooded animals at about 40 
in the case of cold-blooded animals somewhat below this tcmp< 
ture - a further rise in temperature reduces metabolism. In cxc 
tional cases, those of the thermophilic bacteria, the critical te 
perature may be as high as 80 "C. 

Among the factors which affect energy production in the int 
warm-blooded animal, body size has long been recognized as bci 
of major importance. The differences in the oxygen consumpti 
of intact animals of different size arc not exactly reflected in i 
rates of respiration of individual tissues. In general, the tissues 
larger species have a somewhat lower metabolism than the tisst 
of smaller species, but the differences between the j2o, values ' 
for example, brain, kidney, liver, spleen and lung of different sj 
cies arc relatively small. The characteristic differences in the ba 
metabolic rate of animals of different size appear to be due mair 
to differences in the testing metabolism of the musculature. 




Metabolism - Energy-Supplying Reactions 


En^rgy^iupplyina reactions 



brj^Vtionls brought sbout by t^e combined salon of msny 
•pecific enzymes each dcsbng vilh hydfolysis of one com- 


pound or ofa series ofclostly related compounds The 
cojcs of these enzymes are described on pages 405-419 
Intermediary stages of carbohydrate degradation 
Ilcxoscs formed by dige$tion in the intestinal tract are 
and reach the Tarious tissues through the blood circulat'ot 
main icaaion by which hexosei ate degraded is the anacrC>b 


TM 3 Intermediary reactions of UC*ic acid fermentatwii (glycolysis) m animal tissues (for formulae of intermcdiai 

Theie meiioni occur in alt ini™! and in »"««> ofginiMTu 


Intermediary ntcilont 


glucose + adenosine tnph^Pf'^'* (ATT) 
glucose ^-phosphate 
fructose 6-phoJpbate + 
frueiose l,4-<Jiphosphale 
dihydroayaeetonc phosphate 

f3-phoiphog!)t<eraldeh>d< ,vi»rv< 
2 I + diphosphopytidine nucleotide (NAD) 
; I + phosphate 
I 7 1 2 [l,3-djpho8phrglyeerie aeiJ + ADP 
I 8 I 2 [3-phosphog1yeefic aeid 

9 I 2 [2<phosphog1yeetie acid 

10 2 (phorphopyrufic acid -b A^l’ 

11 2 (pyruvic acid ^ NADUi 

glucose + 2 ADP h 2 phfJpba'* 


glucose 6-phosphate 
-f adenosine diphosphate (ADP) 

-► fructose 6-phosphate 
-* fructose 1,6-diphosphate + ADP 
dihydrocyaeaorie phosphate 
■* + 3-phosphogtyceta!deKyde 
-* 3-phosphoglyceraldehy<k 

-• 1,3-diphosphoglycenc aeid + NADMij 

-* 3-phosphogl)rcetic acid + ATPJ 
-* 2-phosphoglyeefie acid] 

-» phosphopyruvie acid + H,0) 

-» pyruvtc aeid + ATPJ 
-> Uciic aeid + NAD) 


Glueosephosphate i$omera« 
PhosphofruetoVinase 
Fruetosediphosphate aldolase 
Tnosephosphate isomerase 

Clyeeraldehydephosphate 

dehydrogenase 

rhosphoglyeerate Itinase 
Phosphoglyeetace phosphol^t 
rhosphopyruvate hydrsuse 
Pyitxrtte ktnate 
Lactate dehydrogenase 


2 bene aeid + 2 ATP + 2 H.O 


/,S f The intermediates of glycoifan formed from glucose 



H-C-W 



...... 


C“,CfVr 

o-Clucwr 4 rtiMflure 
(a dlucppyrs'K^ 


CtjCH 

lO-i 

W-j-K 
(l-j-CH 
H-C 



H — 

oyipiyt, 


rv-FruetoM ( rborpluie 
(frecTofunnoac- 
e pho^tiaw) 


rKFrucrose 1.4. 

diphoipbaie 

(furaAose 

•troctuff) 


CHJOPO5II, 



Ciy!P0,H, 

i>-rruct(ne l.4-dipho,phaie 
(chain formula, 
indiaiing the bssioa to 
more phosphate) 


CHjOFCjHj 

ro 

ixjCH 


DihydroxyacefOo 
phosphate 
+ 3-pbospbc^lfct 

sidehpde 



l.3-D>rho*pho- 3 PhosfSo" 

glTCTMC achl jlrcrsic ic'd 


ov» 

2 Fhospho- 
iTyeetKMU 



Usospho- 
pytuvie icij 


t 


Pytusie acid 


KOH 


CH, 
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I'ahU ‘1 Ancillary reactions of lactic acid fermentation in animal tissues 


No. 


Intermediary reactions 

Enzyme catalysing the rtartioi 

1 

glycogcn„ -I- phosph.atc 

- V 
— 

glucose 1-phosphatc -h glycogen„_i 

a-Glucan phosphorylase 

2 

glucose 1 -phosphate 


glucose 6-phosphatc 

Phosphoglucomutase 

3 

fructose -1- ATP 

—>• 

fructose 6-phosphate -f ADP 

Hexokinase* 

4 

galactose -f- ATP 

—y 

galactose 1-phosphate -f ADP 

Galactokinase^ 

5 

galactose 1-phosphatc 


glucose 1-phosphatc 

Hexosc 1-phosphatc uridylyl- 


-)■ uridine diphosphoglucosc 


-h uridine diphosphogalactosc 

transferase^ 

6 

uridine diphosphogalactosc 

T — 

uridine diphosphoglucosc 

UDPglucosc cpimerase'* 

7 

uridine diphosphoglucosc -1- 

pyrophosphate 

uridine triphosphate (UTP) 

-h glucose 1-phosphatc 

UDPG pyrophosphorylase® 

8 

fructose -I- ATP 


fnictosc 1-phosphatc -f ADP 

Ketohexokinase® 

9 

fnictosc 1-phosphate 


dihydroxyacctonc phosphate 
-h glyccraldehydc 

Ketosc 1-phosphate aldolase’’ 

10 

D-glyccraldchydc + ATP 


glyccraldchyde 3-phosphatc -f ADP 

Triokinase® 


♦ I Icxokinisc reacts similarly with many other hexoses, e.g., mannose, 
2-(lcoxygIucose'. 

Ucfcrencea 

' Sols and Cv-Kuv., J.hiol.C/iiin., 210, 581 (1951). 

^ Taucco ct ah, Arih.Dioihtm., 18, 137 (1948). 

^ KALCKAaet ah, Nalurt,\71, 1038 (1953); Smith and hUvL%,Biothim. 
liiepfiji.Atta (Amil.) , 13, 38(i (1954). 


Leloir, L.F.,vdrf3.B/oc^f«.,33, 186(1951); KALCKAR,H.M.,yl;/fTO.£ 
g-me/., 20, 111 (1958). 

s Monch-Petersem ct ah, 7Va/«rf, 172, 1036(1953); IssELB.scHER,K.].,/.iK 
Of»., 232, 429 (1958). 

^HERsand KusAKA,AMf6i«.iio7>4j'/.v4c/fl('w4wr/.),11, 427 (1953); Pars 
etal, J.Hnl.Chm., 227, 231 (1957). 

7 Peanaskt and 'LKKD'iJ.blol.Chta., 233, 365 and 371 (1958). 

® Bergmeyer et ah, Bhthm.Z., 333, 471 (1961). 


Fis.,2 The individual stages of the tricarboxylic acid cycle 

The names of the enzymes are given above the arrows, those of the coenrymes required below the arrows. 


^OOH 

CO 

I 

CH, 


+ CHj-COS-R 


condensing enzyme 


COOH 
UOH 


Oxaloacetic Acetyl-cocnzyme A 
acid 


-2H 


COOH 


isocittate dehydrogenase CH-CHyCOOH 
(NADPorNAD) CO 
COOH 

Oxalosuccinic acid 


transferring enzyme 


CH, 


I 


“CHyCOOH 


CH, 

I ^ 

COOH 

Citric acid 


HS— R 


aconitate hydratasc 


COOH 

C'CHyCOOH 


Coenzyme A 
(CoA) 

CO, + 


CH 

I 

COOH 

fir-Aconitic acid 


+ HjO I 

aconitate hydratasc CHCHjOOOH 

^ CH9H 
I 

COOH 

Isocitric acid 


isocitratc dehydrogenase 


CHyCHjCOOH 

CO 

I 

COOH 

a-Kctoglutaric acid 


+ CoA 

oxoglutarate dehydrogenase 

(NAD; thiamine pyrophosphate; 
K-ilpoic acid) 


COOH 

I 

CH. 

I ^ 

CH, + 

k 

l-H 


CB, 


- 2H 

succinate dehydrogenase 


COOH 

I 

CH 

II 

CH 


fumaratc hydratasc 


COOH + HS-R 

Succinic acid Coenzyme A 


COOH 

Fumaric acid 


COOH 
I 

CHOH 
I 

COOH 

L-Malic acid 


Succinyl-cocnn'mc A 

-2H r 

malatc dehydrogenase CO 


(NAD) 


! 

CH, 

m 

Oxaloacetic add 


Anaerobic lactic acid fermentation {glycolysis). The intcrmcdi.iry re- 
actions of the lactic acid fermentation arc given in Table 3. The 
changes of the carbon skeleton arc summarized in Figure 1. The 
alcoholic fermentation of yeasts, moulds, other micro-organisms 
and plants follows essentially the same pathway except that reac- 
tion 11 (Table 3) is replaced by the following two reactions: 


pyruvic acid -> acetaldehyde -f CO, 
acetaldehyde + NADH,-^ ethanol + NAD 




Reactions related to the lactic acid fermentation are shown 
Table 4. Some of these reactions arc concerned with the 
ration of other starting materials such as glycogen, 
galactose. When glycogen (or starch) is the starting matern 
balance reaction is 

glycogen (1 glucose equivalent) + 3 ADP -i- 3 phosphate 

-V 2 lactic acid + 3 ATP + 3 HiO 

Oxidation of carbohydrate. As a rule, sugars arc not 





Lactic aci J ij fitsc conter ted into acetyl-coenayme A pyruvic 

cid. The intermediary stages are assumed to be as followa: 


i(DtO 


CHj 

m CO + ittOHj 

Pyruvic teid 


3 The tricarboxylic acid cycle 

Substsflcei entering ihe cycle (t-oenryme A, H,0) after the ir 
condcButlon of I molecule of acetyl-coetuyme A and I molecu. 



Pyruvic aCk] 


TP? 


-Ihiamme 

pyrophosphate 



W 


Acetaldehyde-TPP 

eomplea 


(S^ 


In the succeeding reaction the ildehyde-TPP complex reacts with 


[-9 


,(CHi)*CtlOH 


HS— 6^*^ 


Artiildebydc Diaulphide fotm of 
TPPeompIcx «|ipoi<ieiJ 



J-Aeetyt-fli-lipoK 



Otidative degradation of fat ' (for referencef see page 393) 

Fats are not oxidired m the ester form in which they ate 
posited >n unues and pttsent in foods Ptiot to omdstton f 
hydrolysed to free fatty acids and glycerol, a reaction eatalyje, 
lipases or other ester hydrolases 






Cofniymc A Reduced 


CH,C0S-II 

ttr-Vf-viif ,t 


MS-cs;^ S_^ + **""» 


The sum of the last four reactions is 
pyruvic itiJ -I- NAD + coeniyme A 
-► aretjl-coenayme A + NADHi + COi 
Analogous reactions probably occur whenever a-keionic acids 
are oxidized a-Kctonic acids arise in particular from a-ainino acids, 
a-keioglut jrate is also formed during the tricarboxylic acid cycle 
\cetTt-cocnzyme A is oxidized to completion by the ittcar- 
boxelic acid cycle (also referred to in the literature as the ‘attic 
acid cycle' or ‘Kxeas cycle") Thu cycle is initiated by a conden- 
sation of acttyl-coenzyme A and oxaloacetate leading to ntrate 
C urate undergoes a senes of reactions that, on balance, arc oxida- 
iive and m w hich other tricarboxylic acids and dicarboxylic acids 
arise They lead eventually to the regeneration of oxaloacetate, 
which thus becomes available for another turn of the cycle This 
means that oxaloacetate reacts after the manner of a catalyst The 
hydrogen atoms arising in the course of the cycle react oliimately 
with tnolecular oxvgen to form water, and the overall effect of one 
mm of Ihe cycle is therefore 


Stages of the reaction have been identified The £rtt leads to 
formation of an adenyt fatty acid (acyl-adenosine motiop 
phaie)* 

r 

IIP + R— CCCll ' - I Adenosine— ^0—C—fl + P.itqphosp 

I! H 

rsnyacid Acy t-ajenylate 

The second is a transfer of the acyl group from adenylic act' 
coenayme A‘ 

(« 

Adenosine— P—0— CHI 4- HS— fl' fl— egg—fl’ 4. 

5 S 

Aey«-advnjlite CoenzymeA Acyl coeiuytr,* A 


OjCa^i + ’Sj — iJKi+fUja 

The component reactions of the cycle are given in Figure 2. The 
cycle Itself is shown duerammaticallv in FieurcS 
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P-Oxid.ition of fatty acids 

On tnryme nomenclature tee page 382. Acyl-CoA-dehydrogeoase is a flavoptotein, 3-hydtoxyacyl-CoA'dchyi5rogtnase requires NAD. All four n 
tiont ate reversible. Tlie P-hydroxyacyl-cocnaymc A compoundsatc optically active and belong to the i-scries, in contrast to the /Vec P-hyjroxjbutp 
in blood and urine which belongs to the D-setics. The latter arises by reduction of free acetoacetatc^. 


fa 

(fl,K 

Ctlj - 2H 

fl acyl-CoA 

L dchydtORCnasc 

I 

s-n 


CHj 

+ iIjO (|hoh 

- 2H 

(CH2)„ 

CO 

+ CoA 

CH, 

(CH;). 

CO 

1 

■ ' ■ " ^ I 

enoyl-CoA hydratjsc CHj 

3-hydroxyacyI-CoA 

CHj 

acetyl-CoA acyltnnsfcrase 

s-fl 

1 

dehydrogenase 

1 

CO 

(3-kctoacyl-CoA thiolasc) 

+ 

1 

S-R 


1 

S-B 


% 


CO 

1 

S-R 


Tatty' aqd- a-p-Unsaturated fatty P-Hydtoxyacyl- P-Ketoacyl- 

coenryme A acyl-coenaymc A coenayme A coenzyrae A 


Fatty acyl-coenzyine A 
+ aectyl-coetcyms A 


less than four carbon atoms. In the case of chains with even num- 
bers of carbon atoms the last fragment is acetyl-coenzymc A, in the 
case of those with uneven numbers it is propionyl-cocnzymc A. 

The great majority of naturally occurring fatty acids contain an 
even number of carbon atoms and therefore yield acetyl-coenzymc 
A as the only product. The propionyl-cocnzymc A formed from 
uneven chains is known to enter a COj-fixation reaction leading to 
succinic acid (sec below). 

The sequence of reactions by which fatty acids ate oxidized has 
been referred to as the 'fatty-acid cycle’. It is not a cycle in the strict 
sense since the starting material is not regenerated by a full turn of 
the ‘cycle’. What happens is a periodic repetition of the same typet 
of reaction, but not of the same reactions. This is shown diagram- 
matically in Figure 5, from which it can be seen that the mecha- 
nism is a ‘spiral’ rather than a ‘cycle’. 

Carnitine (page 491) stimulates oxidation of fatty acids by pto- 
moting theit transport from cytoplasm''-^ to mitochondria through 
the formation of carnityl esters: 

Acyl-CoA -b carnitine ^ acylcarnitinc + CoA 

Unsaturated fatty acids are formed by desaturation of the cocn- 
zyme A esters of saturated fatty acids. This involves a coupled reac- 
tion in which both molecular oxygen and N ADPHi are required ® : 


Fig.5 Diagram of the ‘spiral’ of fatty-acid oxidation 

C,s, Cu, cte. = fatty acyl-coenzymc A 

AC,„ AC„, etc. = unsaturated fatty aey'l-cocnryme A 
P-OH-C,,. p-OH-Cj,, etc. = P-hydioxyacyl-cocnzyroc A 
P-O-C,,. P-0-Cn, etc. ” P-betoacyl-cDcnzyme A 
Q » acetyl-coenzymc A 

The subscripts indicate the length of the carbon chain 



CHj 

(CHjlv 

'»CH, 

»CHj + Oj + NADPHj 

CO 

I 

S-fl 


bn, 

i ^ 

(ffltlv 

'»CH 

’CH + MP + 

fih 

ca 

1 

S-R 


Unsaturated fatty acids are also degraded by p-oxidation'^.'n'.t 
double bond necessitates two additional enzymes, an isomense 
that transposes it and converts it from cis to trans configuration, 
and an cpimerase that converts the p-hydroxyacyl-cocnzymcA 
formed by addition of HjO to the bond from the n- to the t-con- 
Bguration. The latter is then degraded as shown in . 

Glycerol, the second constituent of neutral fats, is convettea ra 
liver primarily to a-glycerophosphate: 

glycerol -f ATP->- a-glycctophosphatc -F ADP 

Alternatively, glycerol may be dehydrogenated to n-glyccraWe- 
hyde, which can yield glyccraldehydc 3-phosphate, or P-phospao- 
giyccric acid via D-glycctate*''. 

The triose phosphate formed from glycerol subsequently jo'‘“ 
the reactions of triose phosphate arising from sugars. 

Formalion of succinic acid from propionyl-cocncyat A. As akw^> 
mentioned, the propionyl-cocnzymc A formed from 
with uneven carbon chains yields succinic acid. This involves 
COj-fixation reaction discovered by Ocho.v ct al.^ followed 
racemization and rearrangement of mcthylmalonyt-cocnzyme : 
follows®: 


CH, -I- CO, 

l-R 

Propionyl- 
coenzyrue A 


mcthylmalonyl- 
HCCOOH CoA tacemase 


CO 

I 

S-R 

Methylmalonyl- 
coenzyme (a) 


COOH 

I 

CHCH, 
1 ^ 
CO 

1~R 


mcthyliuilonyl- 
CoA mutasc 


Mcthyliralonyl- 
coenzyme A (b) 


COCH 

I 

CH. 

I • 

CHj 

CO 

u 

Succin^I- 

cevanwc 


Hydrolysis of succinyl-cocnzymc A then gives succinic acid- 

Terminal oxidation of fal. The degradation reactions of 
ansideted bring about an incomplete oxid.ation of fatty at' . 
lyccrol. The main product of this incomplete oxidation i 
sid in the form of acctyl-cocnzymc K. The only other 
jccinic acid, which arises from the three terminal 
1C fatty-acid chain with odd numbers of carbon atoms, -i 
:ids with odd numbers of carbon atoms 

1C total amount of succinate arising from fat is normally ' - ^j|. 

uch fatty acids arc uncommon because fatty-acid chains a 
ynthesized from 2-carbon units. ,„,-,n!ction h' 

Acctyl-cocnzymc zV and succinate arc j 3»! 

1C reactions of the tricarboxylic acid cycle desenbed P ■ 
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Kileiit. In ketosis due to starvation or diabetes or other causes, 
he 'ketone bodies’, viz, acetoacetate (CH,'CO'CH,*COOH), 


This « analogous to the reaction initiating the degradation of 
tatty acids (page 391) and may involve the same type of inter- 
mediary stages, i e , the formation of acetoacetyl-adenyUte 

RcfereDces 


tyme A condense in pairs to form acetoacetyl-coenzyme A whieK 
undergoes hydrolysis to free acetoacetate and eoenzyme A (oiheer 
free acetoacetate is not readily utilized)- 


"3 

+ H,0 

H, 

:G 

I + HS-PI 

A«l,U«nryn«A A«.««,.e . K««^ II A 

eoeniyme A idd "■ni/— 

Acetoacetate IS the primary ketone body Miydroaybotyrate Is . '* • 

formed from K by reduction, acetone by decarboxylation The ‘ • . , - 

latter reaction is mainly nonenzymic, and is due to the Inhctent — • 

instability of acetoacetate - 




Inutmcdrary stages of the degradatiott of amino acids 


CM,CH(OH)CH,Ct«H CHjCOCHj + C!^ 

0 IlyiJraxvhutytie leiJ Accierw 


It follows that all substances which can form acetyl-eoenzytne A. 


CtiuraUtgraiiiion rtaiiit’it Some degradation reactions sr^ com- 
mon to all or several tmmo acids. These are (s) oxidative desmma- 
iion, (t) traftsammsiion, (r) noaoxidative decarboxylation 


+ ViOj 

QMH 

a Amino t«id 
Laver and kidnev ror 


M + NKj 

dooH 


AntilUrj nalioiit tf faliy (>“J itpaiaiioit Some ancillary dcKra- 
dation reactions of ficty acids are the following 

(a) Acetoaceryl-CoA-hydiotase liberates free acetoacetate from 
the coeniyme A derivative 
acetoacetyl^oenzyme A + I!|0 
-* icetoacetite .f coenaytne A 

This reiciion is assumed to pUy a role in the appearance of the 
ketone bodies in blood and tissues in ketosis'* 

(*) 3-llydroxybutyraie dehydrogenase catalyses the reversible 
mcerconversion of acetoacetate and P-hydroiybutytaie 
&-hydroxybutyrate + NAD acetoacetate + NADH, 

and IS responsible for the formatwo and icmova] of P-hydroxy- 
butyrate 

(r) An enzyme transferring coenzyme A reversibly between ace- 
toacetite and succinate (} ketoacid CoA-transferase) may initute 
the breakdown of free acetoacetate 
acetoacetate + auecin)I.coen2ymeA 
acetoacetvl-eoenzyme A + succinate” 

{/) Acetoacetate breakdown can also be mituted by the reaction 
acetoacetate + eoenzyme A + ATP 
— acetoacetvl-cnenzvme A 4- AMP + pyrophosphate'* 



L^latanueteid a Ketogluuric acid 

Tfes en^me differs from alt the other e-v. u. 


Tnvuammalnn. Transamination is a reversible reaction between 
amtiw and a-ketomc acids leading to the exchange of the ammo 
and ketonic groups An example is the following- 
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7'Me S Some trnnsanim.ition rcaciions in animal tissues ' 


Reactions 

Remarks 

a-kcioglutaratc -1- i.-a-amino acid 

T 

L-glutamatc 4- a-kctonic acid 

Most a-amino acids can react 
in this way in liver and many 
other tissues ' 

o-kctoglutaratc -I- i.-ornithinc 


i,-glutamatc -f L-glutamic y-scmialdchydc I 


glyoxylatc -|- L-ornithinc 


glycine 4- L-glutamic y-scmialdchydc 1 

Involves transfer of u-amiao ‘ 
groups; occurs in livcr^f^ 

pyruvate 4- i.-ornithinc 


L-alaninc + L-glutamic Y'Snmialdchydc J 

i.-glutaminc - 1 - a-kcto-y-guanldinovalcric acid 

s — 

a-kctoglutaratc -b L-argininc 4- NHj 

Occurs in liver ^ 

l.-alaninc 4- hydroxypyruvatc 

— 

V — 

pyruvate -1- L-scrinc 

Occurs in liver and kidney* ' 

a-kctoglutaratc 4- y-aminobutyratc 


L-glutamatc 4- succinic semialdchydc 

Occurs in brain and liver* 

a-kctoglutaratc -1- fi-alaninc 


L-glutamatc -f malonic semialdchydc 

Occurs in brain and liver* 


References 

^ For reviews see ContN and Sallacii, in GattNiicaG, D.M. (Ed.)» Afr/tf- 
bcU( Piith:i'ay^^ vol.2. Academic Press, New York, 1961, page 1; Knctis, 
1 1. A., in Munro and Allison (Eds.), Matfifrialian Protein MetaboUttn^ vol. 1, 
Academic Press, New York, 1964, page 125; Guirard and Snell, in 
Florkin and Stotz (Eds.), Comprehensive Biochemisir)\ vol. 15, Elsevier, 
Amstcrd.im, 1964, page 138. 


^ Muster, A.JMol.Chem., 206. 587 (1954). 

^ Quastel and Witty, Nattircy 167, 556 (1951). 

^ Sallacii, H.].,J.bioLCkem., 223, 1101 (1956). 

5 Roberts ct esX./j.bhl.Chem., 203, 195 (1953). 

^ Roberts and Bregoff./.^/c/.C^w., 201, 393 (1953). 


COQH 

iii, 

Ctlj -i- 

co 

I 

COOH 

a-Ketoglutatic 

acid 


COQH 

COOH r yiOH 


ernti^ ^ 
iooH 


r2 ~ 

1 ^ 

;ooH 

COOH 

L- Aspartic 

L-Glutamic 

Oxaloacetic 

acid 

acid 


acid 


The majority of a-amino acids can replace aspartic acid in this 
type of reaction, according to the general scheme 

a-ketogiutarate + a-amino acid 

^ L-glutamatc -h a-ketonic acid 

but the rate of reaction is by fat the highest when aspartic acid is the 
amino group donor. Transaminases occur in most animal tissues as 
well as in micro-organisms and plants. Several tissues contain special 
types of transaminases. Some of these tissues are listed in Table 5. 

Transaminases readily diffuse from tissues into the blood plasma 
when the tissue has suffered damage. This is the basis of a clinical 
test, the rise of the plasma level of transaminase in cardiac infarc- 
tion. Pyridoxal phosphate is a prosthetic group of transaminases. 

Decarboxylation. Decarboxylation of amino acids proceeds ac- 
cording to the following general scheme ; 

J I 

CHflHj ► CHjNHj + COj 

COOH 

a-Amino acid Primary amine 

Decarboxylases occur in animal tissues and in many micro-or- 
ganisms, but not every amino acid can undergo decarboxylation. 
Reactions that have been recorded arc listed in Table 6. The signifi- 
cance of some of the decarboxylations occurring in animal tissues 
lies in the supply of essential metabolites, e.g., of taurine (required 
for the synthesis of bile acids), of histamine and serotonin (re- 
quired for the functional activities of nervous tissue) or of ethanol- 
amine (required for the synthesis of cephalins, choline and acetyl- 
choline). Pyridoxal phosphate (see page 474) is a coeniyme also in 
most decarboxylation reactions. A notable exception is the decar- 
boxylation of histidine. 


Degradation of individual amino acids ^ 

(for references see page 399) 

^.-Glutamic acid, h-aspartic acid, h-alanine. On oxidative deamina- 
tion or transamination these three amino acids yield a-kctonic 
acids which also occur as intermediates in the metabolism of cir- 


Table 6 Decarboxylation of L-amino acids ' 

Most of the bacterial reactions listed below occur in the reicro- 
otganisms of the intestinal tract, e.g., EschtrUhia edi, Slnplcinni 
fatcalit, Chstriiiwnt species 


Amino acid 

Amine formed 

Occutrena 
of eazjmie 

Histidine 

Histamine 

Animal tissues, - 
bacteria 

Cystcic acid 

Taurine 

Liver 

1 Glutamic acid 

Y-Aminobutyric acid 

Brain, bacteri-i 

1 5-Hydroxytrypto- 
1 phan 

5-Hydtoxytrypt- 
aminc (serotonin) 

Anim.ll tissues 

i 3,4-Dihydroxy- 
. phenylalanine 

3,4-Dihydroxy' 

phenylcthylaminc 

Animal tissues 

! 

j Serine 

Ethanolaminc 

' yVnimal tissues 

j Lysine 

Gidavcrinc 

Bacteria 

i Ornithine 

Putrcscinc 

Bacteria 

1 Tyrosine 

Tyraminc 

B.ictcria 

Phenylalanine 

Phcnylcthyiaminc 

Bacteria 

Aspartic acid 

(3-Alaninc 

Bacteria 

a,E-Diaminopimclic 

acid 

Lysine 

Bacteria* 


j References ^ 

{ * For reviews see Guir.srd and Sncll, in Florkin and Stotz (f 
; ComprehcKcirt Biochemittry, vol. 1 5, Elsevier, Amsterdam, 1 96A 

Krebs, H.A., in Munro and Allison (Eds.), Fren.': j ■ 

( tcbelitai, vol.l. Academic Press, New Voric, 1964, p.igc 125, 
j ^ Arnstei.n, H.R.V., Bicchtn.]., 48, 27 (1951). 

I 5 Dewct and Work, Alr/vrr, 169, 533 (1952). 


bohydrate; they arc a-kctoglutaratc, oxaloacctatc and pyru' 
spcctirely. 

The degradation of the six amino acids \.~hislidinc, 
i.-cilrulline, t.-ornilhme, i.-proli>ie and i.-hydroxypro!ine Ic.ids in 
ease to glutamic acid and thence to a-kctog!utaratc. 

\.-Hislidinc is converted to glutamic acid by an eTa^f 

of liver tissue that includes tetrahydrofolic acid y... 

factor. The overall result of the action of this complex i' ■ 
drolysis according to the following scheme; 
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’j 

MH 


llittlJu 


+ IHF + 4HjO 


Tttrahydfo- 
folic iciJ 



i-Glunmic lO-rofCDjlttt^' 
«cid hTdrolbiK ack' 


Six intermediate itages hare been identified*, of which the 
the fisiion to ammonia and an unsaturated derixaiiTeof hiatid'”*’ 





ImiJaxoloneprarionx 'od ratmiminoglgtimie acid 


r 

CWH, +• (tC-NMI'lf 


cosil 

k CluMinx acid I etcniminoicinhydco^Qlie cckI 

Formimmo-TUr is conTerted into 5,10-inechyhdyAeT)IP 
lO-fotmyl-THF Tot these and futther teactiont tee pages 43d 

Oxidative deamination or ((ansaminition of hucidine yielda 
idiioUpynivic leid*, *hieh may be further converted into 
ulatoleiactie acid and imidazoleacecie aeid 
A Simitar pathway of histidine degradation to glutamic acj ^ 
been shown in bacteria, although tetrahydrofolie acid does 
appear to be involved 


L CtiT»liint and i-erx"”"' ate converted in liver tissue into 4”®'' 
ihine bv the teaclions of (he ornithine cycle (see pagts442and'*^^) 
i Om/iim* It known to yield glutamic y-Kmialdehyde by t*^' 
amination (see page 394) and the semialdehyde can fonts glut*"”' 
acid bv dchydcogenacion 


ctyiH, 

Li, • 

Ch^i, 

CXi 


ctoglucantc 



MM 


o-Orvi/he/, under the influence of is^minoiicid oxidase 
a different route, the primary step he.ng the removal <Jf tp" «- 

imino group 


“'"I'l'S 

an 

11 OfT-itSine 





cm 


a S'eto-^ cfninn- 
viienc SChl 


ii-Pnluu forms glutamic acid by the following three steps*, 
vhkh include two dehydrogenations : 


" 4 - 5 ^ 


— 2H 


pyrtoline-5 citboxylite reductiie 




-H,0 


i-A'-Pyrroline-S-catboJtylic acid 



-JH +Hj,0 

pyrroline-S carboxylate dehydrogenase 
nualdehyde L-Glutamic acid 



These reactions have been shown to occur inijoth liver and 

b-Pnlm4 reacts difletently in mammalian liver or kidney and 
gives the same a-ketonic acid as c-omithme This is to be ex- 
pected as the point of attack of o-amino-acid oxidase is always the 
a-carboft atom 

yHydroxyglutatnic acid can be formed from 


The degradation of the /eufmet and yj/im follows uuually a com- 


eoenryme A and propionyl-eoenryme A As already mentioned 
(page 392), propionyl-coenayme A eventually yields lueeinate 

Lttumt yields three molecules of aeetyl-coeMyme A The inter- 
medute stages are as follows* 




jH, -h CO, 



Isovilnyt- 
coenzyme A 





3 Mtlhylcrotonyl- 
coenzyme A 


+ C0j 

Ttp) 



0lhdro.^0rT«,hylglutanI. 
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'I* 2 CoA 

(MP) 


2 CO 


CHj CH, 

HCO CH, 

HCO 

yf + NAD 

\/ ^ 

CH 

I 

CH, 

k ( d 

COOH 

^ ] 

COOH 

^ 1 

CHj 

+ HS-R 

+ NADHj 

+ COj 


3*Mydrox}’isobutyric acid Mcthylmalonyl 
+ coenzyme A scmtaldchydc 


Propionic 

aldehyde 


Accioacctic acid 
d acctyi-eocnzymc A 


Acctyl'cocnzymc A 
(2 molecules) 


lm\ 

Isolcucinc 


+ COj + NADHj 


ll-fi-CHj 

CO 


+ CoA + tUO 


CH, 

in! 

? 


a-Kcto-P-methyl- 
valctic acid 


a-Meihylbutyiyl- 
cocnjyme A 


CH, 

I ^ 

CO 

H-C-CHj 
. CO + KAOHj 
S-R 


Tiglyl- a-^fetllyl-p- ot-Methylacetoacetyl- 

cocnzytne A hydtoxybutyryl- coenzyme A 

coenzyme A 


+ H,0 -2H 


+ CoA 


Isoltutinc yields one molecule of acctyl-cocnzymc A and one mole- 
culc of propionyl-cocnzymc A^: 


Propionic 

acid 


Propionyl- 
coenzyme A 


Norltminc (which is not a protein constituent) has not be 
studied in detail, but by analogy it is expected to undergo t 
following sequence of reactions leading to propionyl-cocnzyme 
and acctyl-cocniymc A; 


CH, 

I ^ 

CH, 

I 

CHj 

CH, 

CHNHj 

MOH 

Norlcucine 


+ CoA 

+ NAD 


ct-Kctocaproic acid 


CO 

! -f- CO, + (it: 


S-R ' 

Valeryl-coenzyme A 


CO Acetyl-CoA 

S-R 


P-Ethylacrylyl- 
coenzyme A 


P'Hydfoxy valeryl- 
coenzyme A 


0-Ketovaleq-l- 
coenzyme A 


CHj “2 CHj 

I ► 1 ^ + ADP + P 

r 1 ^ 

S— R COdH 

PropionyV-coenzyme A Succinic acid 

The mechanism of the last of these reactions is discussed on 
page 392. 

Va/ihe is degraded by analogous reactions to the stage of 3- 
hydroxyisobutyryl-coenzyme A. This compound is hydrolysed by 
a thiol ester hydrolase to yield p-hydroxyisobutytic acid, which is 
further metabolized as shown below®; 



+ CoA 

-f (MO 


CO + C0,+ llAOHj 
I ^ 

S-B 


a-Ketoisovaleric acid Isobutytyl-cocn^-me A 

1^2 "0%/% 


S— R 

Propionyl- 
cocnzyme A 


Acctyl- 
coenzyme A 


Nonalint, by the same types of reaction, forms WO molecules 
of acctyl-coenzyme A; 


-b CO; -f- Wij 


n-Aminobutyric acidhy analogy forms propionyl-cocnzyme -' 
thence succinate. 

The hydroxyamir.o acids (sctinc, homoscrinc, threonine) and /d 
cint react atypically in that the oxidative deamination is not 
primary step. 

Scrint yields anaerobically ammonia and pyruvic acid in 
tissues as well as in micro-organisms. The intermediate steps . 
assumed to be as follows®: 

^2™ ~H,0 |j'*2 rearrangement 

Lm ► r.-NH- ^ * C-llH 
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k to + C0,+ H 

+“ u 

Acetyl coemymeA 


Acwcher potsible pathwiy of glycine degradation is initiated by 
the condensation with succinyl-coenryme A’*: 


pt 


ij-Thnonin (an intermediate in the metabolism of nwthionine) is 
nown to undergo an analogous nonoaidatiTC deamination on 
aeubation with lirer extracts, yielding a-lcetohotyric acid and 


+ Hja 


toOH HS-R 

Clycwe t-cuecinyi' a-AmIno-11 Ictoiilipic 
coenzyme A tcid + coenzyme A 


jHOH 


+ Ml + WMi 


Propionyl-eoeiayme A 


It may also be split by 
glycine'' 


n aldolase to give acetaldehyde and 
+ Cok 


ciyiH, 


• mit 


The acetaldehyde formed em be eonrerted into acetyl-eoeneyme 
A, whilst the glycine reacts at described later 


The reactions up to the stage of a aminolaeTulinic acid bare 
been firmly established but the pathway beyond a-ammoIaeTulinie 
tcid leading eeeniually to tuceinyl<oenzyme A is hypothetical and 
based on analogies. 


lUmtttfm (an intermediate In the metabolism of methionine) 
yields ci'ketobuiytie acid and ammonia by a nonoetdatiee deami* 
nation analogous to (hat of serme’> 



L‘Cjtitm0 can be desulphuraied, under the influence of the en* 
ryme cysteine desulphhydrase, to yield pyruvate, NH» and H,S'* 
The intermediate stages have been formulated as follows 

P f’ """.rp +H,0 

— pH, fc-NH to NH, 

cow COOti COOK CMH 

i-CpKine a-Amincacrylic a-lmnopropionic PyruTie scid 
Kid tcid 

These reaaions are closely analogous to those of serine 


Chiuu The pathway of degradation of glycine ti not yet fully 
cUtified One route is the eonretsion into letme by an aldol con- 
demition with hydroxymeihylteirahydrofolic acid'* 


eXH 


HOOIjPf 


C , + THF 


Clyrine MrdrerTmcthylKtn- 
icid 


1. $enn« TeinbyJco 


A more important metabolic route mvolves oxidation at the 
sulphur atom 



i Cymme Cyiteuieiulphenje acid Cyittineiulphir 
(hypothetical) acid 



+ SO, 


monly occurring in imma] tissues 


0 Solphmyl- Pyruaic acid 

pyniTKKid 


cxti 

CItc 





CjHm IS eonrerted in lieet tissue into the same products as 
cysteine, it is assumed that it undergoes reduction to cysteine be- 
(ore It is degraded 

L-Ifemvtyi/eine, an intermediate in methionine oxidation, under- 
goes ■ ttinssuJphuration reaction with cystathionine as mter^ 
mediate'*. In this way the methionine sulphur becomes that of 
cysteine, the pathway of degradation of which is shown ibope 
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)U 

f—s— % 

f; -1- CHjOll 

-11,0 ( 

ill, CIIIIII3 

fiiiij kill, 

COOH iooii 

^ 1 

jIlHH, iooil 
:ooH 

1 

( 

j.*IIomocy5tcinc t-Scrinc 

t. 

•Cystathionine 

mi 

CHjSH 



CHHHj 

COOH 


' aiNHj 


COOH 



L-Homosctinc 

i.-Cystcinc 



i.-M(//iioiiiiie is first converted to nn active form, a step requiring 
adenosine triphosphate (ATP) 's. The product, i’-adcnosylmcthio- 
nine, is a methyl group donor (in choline synthesis). 


d-HjO 


-2ti 


CH. 


^ + CoA 


-t Cffj 

CHj 

COOH + CO^ 

Glutanc acid 

CH 

II 

-+ CH 
1 

CO 

S-R + COj 

Crotonyi- 
coenzyme A 


ft 

k 


-2H 


-t I 


r 

S-R 

Glutaryl- 
coenzyme A 

CH, 


I 

CHj 

CH 

I 

CO 

I 

S-R 

Giutacony!- 
coenzyme A 


f +HjO-2H f +CoA 


-^f 




■ 2Acctyl-CoA 


CO 
I 

S-R 

Acetoacetyl- 
coenzyme A 




The fate of homocysteine has already been discussed. 


\.-Lysmc. The following pathway of the degradation of lysine is 
essentially based on isotopic evidence and the isolation of most of 
the intermediates 


CHjNHj CHjNHj 



L-hysine a-Kcto-E-amino- 3,4,5,6-Tetnihydropyridine- Fipecolic 

caproic acid 2-carboxylic acid acid 


Phcnylalanini and tyrosine arc degraded in animal tissues by the 
reactions shown in the following scheme. Several unusual enzymes 
are involved. The end-products as formulated are oxaloacetic add 
and acetyl-coenzymc A; 



+ 0 , 


■a 

> CH, 

I ^ 


OH 


+ 0, 


COOH-f COj 

Homogentisic acid 


homogentisatc oxygesifs:' 


HOI 


loi ii 

CO 


■CO 




^-//vwj-isomcrasc^? 


-i-H,0 


CH, 


COOH 

Malcylacctoacctic acid 


0 

ft 

COOH 

rumarylacctoacctic acid 


) fumaryheetoarmse 

.,CH2 


HOOl 




COOH 


+^CH, 

CO 

1 

:h. 


z 

COOH 


+ HjO -211 

— ■ r tihhe acid > Ocaloacctic a* 


+ 2 Co,\ 


2 Acet) / Cod 




2,J,4,5-Tctta- 


HCO 

COOH 

COOH 

j 

CH, 

1 

ft 

ft 



_ ft 

CH, 

J ^ 

-t — 

CH, 

ft 

CHNH^ 

CHNHj 

CO 

( 

CM 

CQQH 

coon 

a-Amino* 

a-Amino- 

(x-Kcto- 


nrtinte- apifj nAintc ncid 


Fumaric acid + acctoacctic acici 


On inborn errors of phcnylal.aninc and tyrosine mct.abolism st 
pages 448-449. 

Tryptophan is incompletely burned in man and in most anirn.id 
Products of incomplete oxidation appearing in the urine ate inuo.c 
3-acctic acid, anthranilic acid, kyniitcninc, hydroxyhynurrt'ne 
kynurcnic acid and 8-hydrox)'kynurcnic (‘x.inthurcnic’} ncid. Tsyp 
tophan and 3-hydroxy.inthran’iVic acid (but not ambtanihe 
can be converted into nicotinic acid in some .anim.il.s, ^ 
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/Vj 6 Dcgtadation of Irjptophan if 
the mammilun body" 



pfodtfcts IS giTcn in bigure 6 


lUbftocc* 

• Tot (tsKVl set CnUMlElc, D M (Ed ), Milaieln Ptlhuj. 
4einie Pres*. KSe«Verk. 1961. Keeii, |{ A ,m MuNaoind A 
JU^niiiuliM Pftlin MilaMum, to! I, Aodcmic Prcii, N«i 

_ _ ^ 


/.■>0l2r 





and ptoieiA (fot ttfcKncfs ue pigt 401) 



For furtber drgradjtion of 
glu'aryl-cocnzytne A lee un- 
der L-lyjinc, pipe 398 


PMtttt, leaeting in the form of tibose 5-phosphate, can h* 
eer^ to glucose 6-photphate and triose phosphate by reS<-*‘'= 
* a'vS*'5? Pno'Pbate cycle [reactions (3) to (a) of Tab’^ 
P*Re 422J Three inoltcules of nbose 5-phosphite form two mo 
^wp^te’*"’*' ^ phosphate and one molecile of glycetald«hj 


2 DcoiyiiboK S-phosphaie 
Iht acetaldehyde car 


Glycenldehyde 3 phmphiie 
itVTCtted into icctyl-coeniyme A. 
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Ph.. 7 Degradation of purine 
bases in mammals 



HjN- 


r 

i II ; 


:CH 


1 

ribosc-P 





HjOj- 




xanthine oxidasc^^ 


N^'^C^V 

I I 

^ H H 
Uric acid 

(end product of putinc metabolism in man) 


d-H- 


H 


urate oxidase 

(mammals other than primitcs)’^ 


H,N— CO—H 
^ H 




H 

0C^*\ 

HI 




AUintoin 
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Dtgradition ef pKrini hset in man and mamntah ' The d(gn<lJtion 


pathways depending on whether deamination and oxidation pte. 
cede or do not precede the fission of the nucleotide or iwicWoude 
The end-product of purine degradation is the same, irrespective of 
the route. It is uric acid in man and other primates, and allantcnn 


telatiTely slou' by broken atrotts 

Pkrini Jtaminaiii. Three types of eniyme are knovin - adenine 
deaminase, adenosine deaminase and AMP deaminase - that hy. 
drolyse adenuie, adenosine and AMP respectively to yield amrr,o- 
nu and the corresponding derivative of hypoxinthine. Of these, 
the occurrence of adenine deaminase in mammals ti uncertain. 
Adenosine deamiruse occurs in most tissues of higher animals 
AMP deaminase occurs abundantly in striated muscle but is te|a. 
tively weak in other tissues, including heart muscle'*. 

Three type* of ttayme are known - guanine deaminase, guatio- 
sine deaminase, and guanylate deaminase - that hydrolyse guanine. 


Ptrini gxiJjiii The oxidation of purines can occur at the tibo- 
iide level or at the free base level The oxidation of mosinic acid 


and in many tiisuei'* 

Urate oxidase oxidirei uric acid to allantoin ' * It occurs m liver 
and kidney of rrummals other than man and primates 

Nulniiiiiifi anj pkrmi fdif/iJi pholphetjhni The fission of 
nucleotides is hydrolytic, the products being nucleosides arid in- 
organic phosphate The fission of nucleosides m animals is phos- 
phorolytic, the products being a purine base and tibose 1-phos- 
phaie Micro-organisms also contain nucleoside hydrobscs, but 
these have noc so far been demonstrated in higher animals 

Dt^aJjtun »/ pyrimiJinii Cytosine and uracil are converted into 
3 alanine by the liver through the following reacticm sequences 


r r 



Ofi.vfrrI 3 •'arnne 3 Slaninc 


Thvminc, by analogous reactions’®, forms a methyI-3 abiune 
m liver Other pathways occur m bacteria” 



Carbamyl 3-sfnjnoisobutyrjc (1 Aininoisobutyric aciJ 

tad (a-inrih)'l-3-alaninc) 

(x nwtbjkttbais)! 0 ilanme) 



3 Abnine Milonie seniaWehyde 


a-Methyl-B-alamne reacts m an analogous manner to give me- 
thylmalonic semialdebyde®, which can form propionaldehyde and 
subsequently succinic acid via ptopionyl-coenayme A 
About 5-10% of humans excrete B-methyl-p-alanine in the 
urine m quantities up to 300 mg daily* This is assumed to be an 
inborn error of metabolism It is probably due to an abnormality 
m the enxymes responsible for the degradation of «-meihy!-B- 
alanine* 

In Mmiral, only the side chain undergoes complete oxidation. 
A specific enzyme can cleave off the side chain, forming isoeaptoie 
acid and leaving the ring system m the form of pregnenolone* 
IsoeaptoK acid in turn is broken down to propionic acid and 
acetyl<ocn 2 yme A* The ring system of cholesterol and the ste- 
roids IS noc oxidized to COi* 

Other cell constituents that ace essentially not oxidized in the 
body toCOi are the mn porjdijmi (see pages 359 sq ) derived from 
haemoglobin and cytochromes (these are excreted in the form of 
bite pigments and their derivatives, see page 362), and the urenis 
page 323) contained in mucins, in hyaluronic acid and in 
the chondroitin sulphate of cartiUge and tendons 
Rtbeenc** 

' R*ci*». E Ciim . 1»S. 347 (1952) 


Degradation of the principal foodstuffs 
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consistinp; of several hcxoscs, glycerol, about twenty amino acids 
and a iiumbcc of fatty acids - is incompletely burned. The products 
listed in Tnblc 7, apart from carbon dioxide .and water, .are either 
acetic acid in the form of acetyl-cocnzymc A or an intermediate of 
the tricarboxylic acid cycle, a-kctoglutaratc, succinate, fumaratc or 
oxaloacctatc. Acetic acid constitutes the main product: two-thirds 
of the carbon of carbohydrate and glycerol, all the carbon of the 
common fatty acids and about half the carbon skeleton of amino 
acids yield acetyl-cocnzymc A. a-Kctoglutarate arises from glu- 
tamic acid, histidine, arginine, citrullinc, ornithine, proUnc and 
iiydroxyproline; oxaloacctatc from aspartate; fumaratc from part 
of the benzene ring of tyrosine and phenylalanine; succinate from 
threonine, isolcucinc, v.alinc, methionine, a-aminobutyric acid, pro- 
pionic acid and the three terminal carbon atoms of fatty acids with 
an odd number of carbon atoms. 

The products of the first stage of the oxidative breakdown are 
completely oxidized in the second stage, the tricarboxylic acid 
cycle, which thus represents a common terminal pathway of oxida- 
tion shared by all foodstuffs. Almost two-thirds of the total energy 
released in the combustion of foodstuffs appears during the reac- 
tions of this cycle. 

Any surplus oxaloacctatc not required as a catalyst in the cycle 
can be dccarboxylated to pyruvate, whence it is converted into 
acetyl-cocnzymc A and undergoes complete oxidation. 

Tahh 7 Survey of the products formed by the initial oxidative deg- 
radation reactions of the basic constituents of foodstuffs 

These reactions all lead to acctyl-coenzymc A and/or the inter- 
mediates of the tricarboxylic acid cycle. 


Starting material 

products of Initial reactions 
(COj omitted) 

Glucose, other hcxoscs 

2 acetyl-coenzyme A 

Fatty acids (even-numbered 
chains of n C-atoms) 

a n acctyl-cocnzyme A 

Fatty acids (odd-numbered 
chains of « C-atoms) 

Va («— 3) acctyl-coenzyme A 

1 succinate (via propionyl- 
coenzyme A) 

Glycerol, alanine, cysteine, 
cystine, serine 

1 acctyl-coenzymc A 

Glutamic acid, histidine, 
arginine, ornithine, citrul- 
]ine,proHnc,hydroxyprolinc 

I a-iectogiutarate 

Aspartic acid 

1 oxaloacctatc 

Leucine 

3 acctyl-cocnzyme A 

Isolcucinc 

1 acctyl-cocnzyme A 

1 succinate (via ptopionyl- 
coenzyme A) 

Valine 

1 succinate (via methyl- 
malonic scmialdchyde 

Notlcucinc 

I acctyl-coenzyme A 

Norvalinc 

2 acetyl-cocnzymc A 

1 succinate (via ptopionyl- 
coenzyme A) 

a-Aminobutyric acid, homo- 
serine, homocysteine, 
methionine 

1 succinate (via propionyl- 
coenzyme A) 

Glycine* 

1 acctyl-coenzymc A (via 
serine) 

Threonine 

1 succinate 

Lysine 

2 acctyl-cocnzyme A 

Phenylalanine, tyrosine 

1 fumaratc 

2 acctyl-cocnzyme A 

Tryptophan 

at most 3 acctyl- 
coenzymc A** 

* Glycine may also be oxidiaed by a special cycle (see p,rge 397). 

•‘ Other proLcts are formed that arc not oxidtaable (see page 398). 


In SO far as substances other than carbohydrate, fat and am: 
acids can supply energy, their degradation follows pathways whi 
like those of carbohydrate, fat and amino acids, yield acctyi< 0 ( 
zyme A and/or an intermediate of the tricarboxylic acid cycle. 


Mechanism of biological oxidations 
(for references see page 404) 

Central. The degradation reactions discussed so far take pb 
when the foodstuff molecules are ‘burned' by molecular oiyge 
This ‘combustion’ is not, however, a direct reaction of moleoil 
oxygen with the substrate but a transference of electrons, mediat 
by several complex enzyme systems, in which oxygen is the ul 
mate electron acceptor. In order to understand the action of the 
catalysts, it has to be borne in mind that biological oxidatio: 
include three types of reaction that at first sight appear to I 
different but are basically the same. The three types arc illustrate 
by the following cases; 

Care 1. Addition of oxygen atoms, for example; 

CH, ■ CHO -la. CH, • COOH 
Acetaldehyde Acetic acid 

Case 2. Removal of hydrogen atoms, for example: 

CH, • CHOH ■ COOH ^ CH, • CO • COOH 

Lactic acid Pyruvic acid 

Case 3. Transformation of a metal from a lower to a higher va 
Icncy state by removal of electrons, for example: 

Pc++ _> Fe+++ + e- 

All three cases are seen to be basically similar - as removal ol 
H atoms - if the participation of water is also considered: 

Case 1 may then be formulated as 

CH,-CHO -b H.O CH,-CH(OH), LiJJ. CH,-COOH 

Acetaldehyde Hydrated form Acetic acid 

of acetaldehyde 

and case 3 as 

2 Fc++ + 2H,0 LlS- 2 Fe+++ -f 2 OH' 

The conamon feature of all types of biological oxidations is a re- 
moval of electrons, although this is often either written as a remov- 
al of H (i.c., electron and proton) or as the addition of O atoms. 
There arc instances in which neither H nor O atoms are directly in- 
volved, as in the oxidation of one heavy metal catalyst by another. 

R-Fe-H- + R'.Fc-H-i- -> R.Fc-^+-t + R'.Fc++ 

Such reactions occur in living cells between iron porphyrins 
(cytochromes) in which the electrons travel more or less dirc«l) 
from one iron atom to another. Because there are cases where elec- 
tron transfer is the only change, the formulation of oxid.uion as 
electron transport is looked upon as the most general and funas- 
mcntal description of this process. 

Biological oxidations may therefore be described in terms or tne 
transfer of electrons, and the reactions whereby electrons arc 
ferted from substrates to molecular oxygen arc usually refetred 
as electron transport reactions. 

The catalysis of biological oscidations ’ • *. Three major types of 
lysts participate in biological oxidations. They arc enzymes wn'O 
have as prosthetic groups respectively pyridine nucleotides, 
nucleotides and iron porphyrins. The prosthetic groups 
reversible oxidation and reduction. The catalysts thus exist in t 
least) two forms, oxidized and reduced. The mechanism of re u 
tion is illustrated by reaction (t) for a pyridine nucleotide, an 
reaction (2) for a flavin nucleotide: 



Pj-ridinc nucleotide Reduced pyridine nucleotide 
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FUtui nudeotiJe Kcductd flavin ouckouJe 


The«« reactionj ire wfitfett as ttmiiai to case 2 above The iron 
onu of iron porphyrin eniymes are reversibly oxidized and re- 
iced as described in case 3 above. 



Cattly.t 1 

Cifvolts) 

Oxygen electrode (HtO ViO^+ 2H q- 2e'). . | 

408t 

Cytochrome e . ; 

+ 025* 

riavm nucleotides (free) I 

-0 20* 

Pyridine nucleotides (free) ... | 

-032* 

Hydrogen electrode (H,q^ 211* + 2e') ... . 

-042 


As seen from this rable.the potentials oftbeeleeitoo earner* are 
uch that the reduced form of pytidme nucleotides can aa as re* 
luctant eif the flavin nueleoiides which, in turn, can act as reduc- 
ant of theozidized c>*®elwW”<» Thcofder in trfuch the earalysw 
taniport electrons from the lubsttste to moieeular oiygen may 
hetefore be expressed in the follo-ving senes of reactions- 

Subitraie + pyridine nucleotide oxidiied substrate 
■e tedueed pyridine nucleotide 
Reduced pjndine nucleotide *»■ flavin nucleotide 
pyridine nucleotide + reduced flivm nucleotide 


Reduced flavinnucleotidc + 2re+*»-porphyrm 
-*• flavin nucleotide + 2re++-porphyrm + 2H* 

2Fer*-pofphyrifi + 2H* + 2Fe»++.porphytin 


Sum' Substrate -f HO,-> oxidized substrate + H,0 

Reaction* (b), (e) and (d)aee referred to as the 'eiectroa traf**f*or* 
system* or ihe ‘respiratory chain’. 

There ate many variants of this basic scheme, firstly, because 
there ate two pytidme nucleotides, many flavoproteins (somfl con- 
taining notihaem iron or molybdenum) and many iron porphyrmSi 
secondly, because other types of reactions such as 
flavoprotcin 1 + reduced flavoprotem 2 
reduced flavoprotem I + flavoprotem 2 

fercousironporphynnl + ferric iron potphynn 2 
-V ferric icon porphyrin 1 + ferrous iron porphyrin 2 



Ubiquinone (Qk) 


Ocher ubiquinones differ from this stnicture bv the 
isoprenoid units m the tide chain and are accordingly caileo 
Qh Q*. e*e Hydrogen transfer \iy these eoenzymea is eff«ef«“ hy 
the reversible mtertonversion of the qumonc and the hydfoqui- 


f H t Diigram of Ihe pathway of electron transport showing the stages where ADPis converted to ATPind where specific inhibitt’”*'’ 
rieciron (srt><ts,th< rol« of which esrmot yet b<«lc*ily dcfinol (ubiquinone. «iuniinK.>«smin E) have bcenoinined Where the sequence int^hicl 
the esiili'sti ire •rriniteii is uncertain they are brachetej loteiher 


substrates 


phosphorylitmg stage I 


succinate -► flaTOptotem, 


phosphorjlating stage 2 


NADJI 

1 

flavoprotein. 


cytochrome b 


Oiochrome C| 

1 

cytochrome c 


cytochrome a 
cyiot-hrome a, 
copper 

1 


Inhibited by 
ehJoiprornaaine, 
baibiTutstci (amobarbital), 
rotenooe 


An,, U«,„. 

dihydroxyitilbenc 


Inhibited by 
carbon monoxide, 
*u\phldc 


phosphorylatmg stage 3 
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none. While the fact of reduction and rcoxid.ation of ubiquinones 
is firmly established, the precise location of these catalysts in elec- 
tron transport is not yet fully known. One of the places appears 
to be in the oxidation of succin.ite, another near cytochrome b?. 
There is evidence that vitamin E and vitamin K arc also involved 
in the respiratory chain®. 

I'iRurc 8 (page 403) illustrates schematically the pathw.ay of elec- 
tron transport and indicates the stages where ADP is converted 
to ATP and where specific inhibitors act. 

Ucfcrcnccs 

' Por reviews of earlier work see DAt.r,, E.G., Am.N.Y.Aeail.Sci., 4$, 363 
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The key position of adenosine triphosphate (ATP) in 
biological energy transformations ' 

One of the outstanding advances in the understanding of energy 
metabolism is the appreciation of the fact that the energy derived 
from the degradation of foodstuffs can be utiiized for most pur- 
poses only if it is first transformed into a special type of chetviical 
energy. This is the energy residing in the pyrophosphate bonds of 
adenosine triphosphate (ATP), which is released when these bonds 
arc hydrolysed to form inorganic orthophosphate (P) or pyrophos- 
phate (PP), adenosine diphosphate (ADP) and adenosine mono- 
phosphate (adenylic acid, AMP) : 

ATP 

i T 

ADP + P AMpTpP 
i 

AMP + P T+T 

Pyrophosphate bonds release more free energy on hydrolysis 
(11-13 kcal according to conditions) than ester-phosphate bonds 
(2-4 kcal). They arc therefore referred to as ‘energy-rich’. It is the 
hydrolysis of the pyrophosphate bonds of ATP that provides the 
energy' necessary for the various kinds of work performed by living 
cells, such as the contraction of muscle, the production of secre- 
tions, the activities of the nervous system and the synthesis of cell 
constituents. 

The pyrophosphate bonds used up during the activities of the 
cells arc resynthesized at the expense of the energy liberated by the 
degradation of foodsmffs. The synthesis of pyrophosphate bonds 
may in fact be looked upon as the first major object of the biologi- 
cal energy transformations. Special chemical mechanisms arc re- 
quired for the coupling between pyrophosphate bond synthesis 
and foodstuff degradation. It is evident that many hundreds of 


separate reactions occur when foodstuffs arc degraded, but o 
to the special arrangement of the metabolic processes couplin 
tween degradation and pyrophosphate bond synthesis occurs 
at a few stages. In all, six types of reaction are known in v 
energy becomes available for the synthesis of ATP. Two 
stages oceur in anaerobic glycolysis ; when one molecule of git 
is converted into lactic acid two molecules of ATP arc rcsyi 
sized from ADP and inorganic phosphate (Tabled, page! 
There arc no more than four types of step in the course of al 
oxidative reactions where ATP is synthesized. 'The oxidative 
radation of the substrate itself, i.e., the removal of two hydn 
atoms and their transfer to pyridine nucleotide, as a rule docs 
supply energy. Energy is liberated when the hydrogen aton; 
electrons arc transferred from the pyridine nucleotides to mol 
lar oxygen through the reactions (b), (c) and (d) discussec 
page 403. Each of these three steps leads to the synthesis of 
pyrophosphate bond (‘oxidative phosphorylation’).The fourth 
of the oxidative metabolism coupled with phosphorylation con 
oFrcactionsoF type (it} (page 4!>y) vhcrethcsvhstrstcisami-'kcti 
acid. Reactions of this type where the substrate is not an a-ket( 
acid do not yield appreciable amounts of energy and therefore < 
not support the synthesis of pyrophosphate bonds. 

In spite of intensive studies, the chemical mechanism by wl 
the coupling between pyrophosphate synthesis and rcaaions 
(c) and (d) is effected is still essentially unknown. For review! 
the present state of knowledge see the literature-^"®. 

Some information is available about the coupling mechanism 
tween ATP synthesis and reactions of type (a) with a-ketonic ac 
as substrates. In this case an acyl-coenzyme A derivative is forn 
from the a-ketonic acid by the reactions described for pyruvate 
page 391. Thus a-kctoglutaratc yields succinyl-coenzyme A.Thc ! 
ter reacts as follows: 

succinyl-coenzyme A -f guanosine diphosphate -f P 
suednate -f coenzyme A -f guanosine triphosphate 

Phosphoryl succinate or phosphoryl-coenzyme A may be inti 
mediates in this reaction though neither has as yet been identifiet 
Guanosine triphosphate can transfer phosphate to ADP: 

guanosine triphosphate 4- ADP 
guanosine diphosphate -f ATP 

ATP contains two ‘energy-rich’ pyrophosphate bonds. It is pro 
able that only the terminal bond serves as an immediate source 
energy, or can be directly resynthesized. The second pjTophosphs 
bond is used to rc-phosphorylate ADP according to the tcactic 

2 ADP ^ AMP -f ATP 

This reaction is catalysed by the enzyme adenylate kinase pre 
ent in all tissues. The balance of this reaction plus the hydrolysis i 
ATP to ADP -f P represents an hydrolysis of ADP to AMP -r ' 
In reverse the reaction represents a mcch.anism for the rc-phosphi 
rylation of AMP. 

References 

' For bibliography see Krebs and Kornrerg, Ergtbn. Phynci., 49, 212 (195 ' 
^ San.vdi et al., Bwcbim.bhphyr.Acta ( Aintt.J, 13, 146 (1954); 14, 4j4 (195 
K-sufman, S.,7.He/.at/v..'216, 153 (1955); CoUN. }<[.,BircH-n.bitp\yi.Ai 
f,4m/.;.20, 92 (1956). 

z GnirriTiis, D.E., in Cahpeell and Greville (Eds.), Essayi in Biccifn;:,', 
vol.l. Academic Press, London, 1965, page 91. 

Racker, E., Mcchanitmt in Bitnntrgetirr, Academic Press. New 3 ork. 1 . ' 

^ Pullman and Scw.vn, Ann. Rn. Bioebtn., 36, 539 (1967). 



Metabolism - Digestive Enzymes 


4C 


''Igestlve enzymes 

Thu section (lescnbes the specific etuynics the combined action 
tthich IS tesponsible for the digestion of foodstiiffs Each en- 
me catalyses the hydrolysis of one compound or of a series of 
oscly related compounds (For a general review of enzymes and 
uyme action see pages 332-386 ) 

toteolytic enzymes (pioteases, peptide hydmlasts 
leptidases]) 

These ate enzymes catalysing the hydrolytic cleavage of pepndc 

5 1 f \ 1 

-HlMCO-f-NHCHCQ- ► • -HNWCOW + iyimCI)- • 


They may be divided into two main classes 

1 PtpliJfl-pfphJiiydri/itittftnJiipfpiiJjiiiJt'i/inthKionptotcins 
nd peptides by hydrolysing 'intemal’ peptide linkages, i e , those 
tuated aw ay from the ends of peptide chains. 

2 hjMoia, prpitiljl-amma-MtJ ItjJnilaiti 
i\optpiiimi), which catalyse the hydrolysis of peptide brads ait- 
ated at the ends of peptide chains These enzymesare specific for 
eptides possessing one or more free terminal a-amino or a.ear- 
ozyl groups 

Members of both classes of proteases ate widely distributed m 
nammaUan tissues Those of the gastrointestirtal tract ate dis- 
ussed in Tables 10 and tl, pages 406-400, those of other tissues in 
rahle 12 (pages 410-411) 

alycoslde hydrolases (glyeosidases) 

Carbohydrates are digested by these enzymes, whieheatalyseihe 
lydrolysis of glyeosidte bonds 




tenlial reducing group 



The general properties of mammalian glycoside hydrolases a 
described in Table 13 (pages 411-413). For their content in the m 
cosa of the human small intestine see page 413 

Upases and other ester hydrolases (esterases) 

Tats and other esters are hydrolysed by the action of enzym' 
that have been subdivided into 
1 Lipasts, thought to act ptedominantly on vindissolved su’ 



H-CHJ-ll + lyi - 


fi-8-CH + HO-f 

Ficcy acid AlcciK 


have similarly, like those of the gastrointestinal tract, they hydri 
lyse fats and short -chain fatty acid esters 

Pluipiaru liter kjJriljsit ( phosphilaiis) 

Mammalian tissues contain a variety of unspecific esterases whic 
have not yet been obtained m a pure form Some of these eiuymi 


lied as 

I Pkaipheru m)n9t;ier kpJrttatts (phosphomonoeiterases), hydre 
lysing monoetiers of phosphoric acid 


O-p-O-ff -h HjO 


Tot ezample, glutese 6-phospViate is hydrolysed to glucose an 
phosphate 

2 Pktiphiru iuuer kpdrthut (phosphodiesterases), hydrolysm, 
substrates such as nucleic acids, or the synthetic substrate diphenj 
orthophosphate, at one of the estet linkages 


o-P-o-fr + lyi 

0 FT 


0-|-OM + 


3 P^pkaip^unt, hydrolysing the pyrophosphate linkages c 
salts of pytophoiphotic acid and of pyrophosphate esters 


I I 

f I 


1. hydrating metaphosphates to orthophos 


4 Milapkatphaltm 
phates- 

(HPOj. -I- » n,o -V » H.PO, 

These have not been demonstrated to occur i 
body 

Jillaifcwi!?'’"' hydrolases are described in Table 15 (page 


n the mammaliai 


S^phuTK trier i^irelainfriilplialatet ) 

!' r 

+ . „ + 


They may be disungunhed according 
phuric acid esters they hydrolyse 


the nature of the sul 
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NiiclcascB 

Ribonuclcascs (RNAascs) nnd deoxyribonucleases (DNAases) 
catalyse tbc cleavage of ribonucleic acid (RNA) and deoxyribo- 
nucleic acid (DNA) respectively (Table 17, pages 418-419), They 
are present in most if not all tissues. 

Of the RNAascs only pancreatic RNAasc has been studied ex- 
tensively. The enzyme is a specific phosphodiesterase hydrolysing 
certain phosphoric ester linkages of RNA but not of DNA. The 
end-products of the prolonged action of pancreatic RNAasc ate 
3'-uiidylic acid, 3'-cytidylic acid, and a large number of dialysablc 
polynucleotides of varying degrees of polymerization. The termi- 
nal nuclcotitlcs of these polynucleotides arc all either 3'-uridyh'c 
acid or 3'-cytidylic acid. 

The initial action of RNAasc on RNA probably involves mainly 
the ‘phosphotransferase’ action of the enzyme. The first step con- 
sists of the cleavage of the phosphodiestcr bond between the 3'- 
and 5'-positlons of the ribosc moieties of the RNA molecule, with 
the formation of oligonucleotides terminated by cyclic 2',3'-phos- 
phates. These terminal groups arc split off (when the preceding 
unit in the RNA chain contains pyrimidine) as free mononucleotide 


Fig. 9 Reactions catalysed by pancreatic ribonuclcase 

The 5'-cster linkages attacked are indicated by broken arrows, those 
not attacked by crossed arrows. Tlic enzyme docs not attack 3'-cstcr 
linkages. 



Fig. 10 The Specificity of pancreatic deoxyribonuclease 

The ester linkage attacked by the enzyme is indicated by a bre 
arrow. 



cyclic phosphates and arc then hydrolysed with the formation 
the corresponding nucleoside 3'-phosphate^. The mode of atta( 
of the enzyme on a hypothetical part of an RNA molecule is shov 
in Figure 9. Several enzymes have been reported to attack RN 
with the production of nucleoside 5'-phosphates. 

Several types of DNAases are present in various tissues'^; < 
these, pancreatic DNAase (DNAase I) has been studied most extei 
sivcly. The enzyme is a specific phosphodiesterase that hydrolyst 
certain phosphoric ester linkages of DNA, Some preparations aj 
pear to act also on RNA. The end-products of the prolonged actio 
of DNAase on DNA arc mainly di- and tri-nucicotidcs as well a 
small amounts of mononucleotides and other polynucleotides. A 
the fragments produced arc 5'-nucleotides. This indicates thj 
pancreatic DNAase specifically hydrolyses nucleoside S'-phospho 
diesters with the resulting liberation of the corresponding nuclco 
side 5'-phosphates (Figure 10). The enzyme appears to have ; 
preference for action on linkages between purine and pyrimidia 
nucleotides. A DNAase from spleen and thymus (DNAase R 
differs from DNAase I in many of its properties. In particiibr 
DNA digestion by DNAase 11 produces more mononucleotides, 
considerably fewer dinucleotides, and much Larger amounts of th« 
higher oligonucleotides. All these reaction products arc terminated 
by 3'-phosphates. 

The products of the action of RNAasc and DNAase arc broken 
down further by other phosphodiesterases and phosphatases (see 
Table 17, pages 418-419) to yield nucleotides and nucleosides. The 
latter are then degraded by phosphorolysis to yield purines and pj - 
rimidines and pentose 1-phosphate, or by hydrolysis to yield pa- 
rincs and pyrimidines, pentose and inorganic phosphate. 

Refetcnces 
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Table 10 Pcptidyl-peptide hydrolases (proteases) and their precursors in the gastrointestinal tract (for referemis see page 40S) 


EnSryme | Location 

Approx, 

mol.wt. 

Optima] pH 
of action 

1 Reaction catalysed* | Remarks 

Pepsinogen 

(enzyme 

precursor) 

1 

Chief cells of 
gastric mucosa 

43000 

1 

1 

!_ 

j 

1 

i 

1 

1 

Formation of pepsin from 
ogen is autocatalytic at pH *- 
(maximally at pH 2) ’ with 1°^* 

(a) ‘pepsin inhibitor’, 

29 amino acids, of mol.wt. 3- - • 

and (b) 5 smaller peptides ofaccn- 

gate mol.wt. ca. 4000^'^ 


» The specificity relationships listed are those elucidated by the action of the enzymes on sj-nihetic peptides ; tltey are not necessarily those of the can. 
acting on proteins in rive. ■ 
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U to ((okMu/J) Pcpudyl-pepude hydtoUsei (protease*) and then ptecunon in the gastcouitestinal tract 


Eniyme* 


Approa. 

Optimal pil 

Keaction ctutyicd * * 

Kemarki 

4.41 

Gastric juice 

36000 

18-4 4 

Dependi on the 

nature of the 

substrate' 

) ! ^ 

-omcttcoliiHiHa)- 1 

Endopeptidase attacks most I 
teins except some protamines 
kecaiios Denanired protemS 






chain 

442 

Gasttic |uice 

36 000 

ra 3 i 

Similac to pepsifs 

Formerly known as patapeP 
Differ* from pepsin in the 
terminal ammo-acid residue, f 1 
phoiu* content, and ttabUit) 
pH 6.9» 

1.4 4 22 

Gastric ]uice 


ea 3 

Simtbr to pepsin 

More heat-stable than pepsin 
has a lower electrophoretic mC 
ity on starch gelj could b* 

1 autolysis product of pepsin' 

3 44 3 

Rfmin 

1 Stomach of 
i v<5\»g awmaU 

i 

] 

|40 000 

Milkclotnnc 
ca.S, proteolysis 
(hiemoelobin) 

3 7* 

Similar CO pepsin* The crys- 
talline enzyme (nnliVe tom- 
mecctal rennet) does nor haee 
phosphoamidase aetieity 

1 Clots milk and liberates pep« 

! from the »-cas«in torn*' 
therein 

Trypunetfii 

(rnzyme 

prteunor) 

' ranereas 

|24S0Q'« 

1 


t- 

1 

Nonenzymacie precursor of < 
am, into which it la conTcrtee 
entenppeptidase and, autocata 
rally, by trypsm, with elimms 
of a hexapeptide of structure^ 
(Aip)»-l>>a from the N-terifl 
end by scission of a Li’S-Ile b 

3 4 4 4 

Intestinal 

•ecretion 

23800 

j7-S 

1 

j t-argifune or i.-lytme) 

soya beans" 

ChjiittTjp- 

precursor) 

Aemu cells of 
pancreas 

25 000"' 

1 ' 

; 

Cationic at pH 8 (isoelectric p 
ca 9 1) Converted to 8-chY 
trypsin via a sequence mvol 

(a) cleavage of the Arg-Ile t 
of chymotrypsmogen A to 4 
the highly active n-chymotryl 

(b) autolytic cleavage of a (aed 
bond of the C*terminal seqU' 
of n-ehymotrypsm^ with elitf 
iionoflhedipeptide serylargit 
to form S-chymottypsm" • 
sequent attack, by autolysis an 

yield chymotrypsi 

Cirmotryp" 

B ' * 
(enrrn'c 

precunor) 

Acinar cells ol 
pancreas 

21 M»” 


i 

^"‘5’";= « pH 8 (isoelectric p 
“ 5 2).NonetBymicprecur8C 
chymotrypsin B 

3'si 


nemWbesh**’'"*"* •• 7>* ipeei&ity Rl„(on.Klp. 1, 
(«» P***' 3" *be enirm on lyrnhnic prpiicl 
Ktma on pror/ini m m 

... 
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Tabu to (coacIti.Ud) I’cpticlyl-pcptidc hydrolases (proteases) and their precursors in the gastrointestinal tract 


Enzyme* 

Location 

] 

Approx* 

mol.wt. 

Optimal pM 
of action 

Reaction catalysed** 

Remarks 

3.4.4.5 

Chyrtoirypiirt A 

P.incre.'is 

25000 

7.8 

f i 1 

-C0-CHNH-|-C0CHHH- 

t 

where for maxiroum activity 
R'ls phenylor substituted phe- 
nyl. However, other bonds 
(such as L-lcucyl or i,-aspata- 
ginyl/t'^arc also split at high 
rates 

Derived from chymotrypsinogt 
A; contains three open peptic 
chains held together by disulphit 
bridges. Unlike trypsin, dots mil 
but not blood. Irreversibly inhii 
ited by /i-nitrophcnyl phosphate' 

3.4.4.6 

Chymoirypim B 

Pnncfcas 

23600'® 

00 

r. 

Similar to chymotrypsin A 

Unlike chymotrypsin A, splits acyl 
tryptophan esters very slowly it 
presence of 30% methanol’® 

3.4.4.7 

Pancrentopeplidasc E ' ® 

Pancreas 


ca. 8 

Hydrolyses peptide linkages, 
preferentially those adjacent to 
neutral t-amino-acid residues 

Formerly known as elastasc 

3.4.4.8 

Eiiteropiptidase 

Intestinal 

secretion 


ca, 6 

Converts trypsinogen to tryp- 
sin 

Exact mode of action unknown, 
since maximal activation of tryp- 
sinogen occius under conditions 
where autocatalytic activation is 
also maximal, l^teropeptidase is 
probably a glycoprotein®® 


* The numbers and trivial names are those recommended by the Enryme 
Commission of the International Union of Biochemistry (see pages 385 
and 386). 

*• The specificity relationships listed arc those elucidated by the action of 
the etaymes on synthetic peptides; they ate not necessarily those of the 
enaymes acting on proteins in rim. 
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Table 11 oi-Aminoacyl-peptide hydrolases and peptidyl-amino-add hydrolases in the gastrointestinal tract' 

A large number of different e.Topcptid3ses have been recognired as occurring in the gastrointestinal tract. They arc distinguished from each otb' 
mainly in their specificity of action on synthetic peptides. Relatively few have been purified extensively, and the list given here includes onlj t . 
that have been well characterized. 


Eftryme * 

Locatwn 

Approx. 

mol.'wt. 

Optimal 
pH of 
action 

Rcaaion catalysed** 

i i 

Remarks 

.i 

DiptpUdasts: 

3.4.3.1 

Glycyt-glycinc dipepTtdase 

3.4.3.6 

IminodipepUdase 

(prolinase) 

3.4.3.7 

Itrlidodiptplidaie 

(prolidase) 

Intestinal 

secretions 

_ 

ca. 8 

Hydrolyse dipeptidcs, with 
v.Trious degrees of specificity 

The component members of this , 
class of enzymes have not yet been | 
sufiidcntly characterized to merit ; 
individual description. Glycyi-g'r ■ 
cine dipeptidase® appears to K j 
highly specific for this peptide | 
linkage, iminodipeptidase apf«)'® , 
to act only on dipeptidcs wnic ■ 
bear the free imino group of i- 

prolinc or hydroxy'-t-prolme > - 
whereas imidodipcptid.isc splits 
peptide bonds involving the nitro- , 
gen of these compounds® 

* The numbers and trivial names are those recommended by ‘b' 
Commission of the International Union of Biochcmistrj- (see pages 385 
and 3B6). 

** Tl\t spccifidn- rclitionships listed arc those elucidated by the actro 
the en 2 ymcs on synthetic peptides; they arc not ncctsssttly those « ' ‘ . 
enzymes acting on proteins h rrre. 
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Tat/t U (tonilniuJ) a-Ammoaeyl-pcptide hydrolases »fMl peptidyl-amSfKwdd hydrolases in the gastroiatestinal tract 


Ccuytns* 

Lociiioo 

Approi 


Reaction catatfsed** 



Remarks 

Procarhoryptpliiiti A 
(enzyme precursor) 

Acinar cells of 
pancreas 

96000 



Nonenzymatic precursor of Mf- 
boxypeptidase A. Is more acidic 
and larger than the enzyme to 

which itiscoflTertedbytrypsin In 

this process, approx. 40 small pep- 
tidesCaveragemol.wt.ca 15(X))afe 
released, but the enzymatic aaivity 

is confined to carboxypeptidase A 

3421 

CaThf^ptpiiiiit A 

Pancreatic 

juice 

34000 

7 5-S5 

nco-VwLcDRi 

Gmtains Zn (ca. 1 9 mg/g) as es- 
sential constituent 





Hydrolyses tetmirul peptide 
ImkaRC adjacent to free car- 
boxyl group. Though of vide 
specificity, mazimally active 
when R'«» aromatic nucleus 


i 3422 

1 Cari«'<}P>ptiJj» B 

Panereitte 

|uiee 


ca 8 

RCO-j-HHinCJW 

A«s uiuqutly on peptides 
containing R'««irgblfi, ly. 
sine Of ornithine. Again, tar- 
boiyl group must be free* 

Tormed from proearbotypepti* 
date D by tryptic ieeiraci>in*.[’tr>t>« 
ably IJemieal with ‘ptotimlnue’* 

34 11 

/v*rtir tfiiiitptpiiJan 

1 Small mtesiine 

300000* 

i 

! 

i 

1 

I 

1 

ca 

? ' *■ 
Voiro-fiffllHccw 

Vide specificity* , ■ , 

lire when R»u 
due.AIsoattaciiip « , 

but more slowly 

Also found in ui,ei titiuci, f-Ianrt 
and mlero-ofpsftlims. Anlratfd 
»iy Mg'* w Mn*», 1nWWt<-l »/y 

anlcHsi *t’-‘ S' , 

3413 

Afiit«p>plUin* 

' Small intesiine 

1 

7 5-8 5 

? i f f 

! lydfolytei »t lU 

f" lU fnt 





Hydrolyses a w , . 

“•peptides R. 

•ramo group i 

\ 





— _J 



Vn«n of 

*». tt<fj tf* nt^tutnij syjai ft 


aror«rt»^ •’—■.tr-lM.f 

* 5=11. nH ■,VV,”?. ;"d 3’1\ nVA. 
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Tablt 12 Pcptiilyl-pcptidc liydrolascs and cxopcptidascs in tissues other than the gastrointestinal tract 


1 Knryme* 

i 

1 I-ocati'on 

Optimal pH of action 

Reaction catalysed** 

Remarks 

1 

Ctilhrptirs*** A 
ar.d 11 ' 

Ubiquitous compo- 
nent of animal tissues ; 
particularly abundant 
in spleen, liver, kid- 
ney and lung 

Ptpfidyl-pt 
ca. 4 (A); 5-6 (B) 

ptidi hydrolase 

Similar in action to pepsin (A) 
and trypsin (B): can effect the 
activation of trypsinogen® 

Whereas A requires no a«iv: 
B has an absolute requiremen 
-SH compounds 

3.4.-1.9 

Cttthtpm C 

Ubiquitous but most 
abundant in spleen 

ca. 5 (at higher pH, 
catalyses transamid- 
ation reactions®) 

Similar in action to chymo- 
ttypsin but more restricted in 
its specificity': attacks only pep- 
tide linkages at a specified dis- 
tance from the free a-amino 
group® 

Activated by -SH compounds 
by cyanide 

3.4.4.23 

Calhepsir, D 

Spleen 

3.0 (acid-denatured 
haemoglobin); 4.2 
(acid-denatured al- 
bumin) 

Similar in action to pepsin, 
but more restricted in speci- 
ficity 

Docs not hydrolyse the symth 
substrates® hydrolysed by cad 
sins A, B and C. The cnzynii 
heat-labile and rapidly destro 
below pH 2.5 

3.4.4.13 

Thrombin 

Blood serum 

ca. 7 

Hydrolyses peptides, amides 
and esters of t-argim’ne; con- 
verts fibrinogen to fibrin 

Formed from the nonenzymic p 
cursor prothrombin by a van 
of factors® 

3.4.4.14 

Plamir, 

Blood scrum 

cn. 7 

Hydrolyses peptides and esters 
of 1 ,-arginine and t-lysine; 
converts fibrin into soluble 
products 

Formed from plasminogen® 

3.4.3. 1 

Cly^l-plycint diptp- 
iiiast 

Many tissues; has 
been partially puri- 
fied from rat muscle, 
human uterus anti 
ssvinc kidney^ 

Exoptplidases 

7.6 1 Similar in action to the intes- j 

1 tinal enayme 

i 1 

Activity enhanced by addition 
Co"*^ or, more weakly, of ^fn■‘ 
Preparations of tliis enzyme fro 
rat muscle are escecdingly u 
stable, from human uterus less sc 

3.4.3.2 

Clycyl-hmhc dipip- 
tidase 

Several tissues ; has 
been partially puri- 
fied from uterus ^ 

ca. 8 j 

i 

Similar in action to the intes- 
tinal cnrj’mc f 

1 

1 

Activity enhanced by Zn^’’ ar 
phosphate 

3.4.3.3 

Camosiruise 

Several tissues ; has 
been partially puri- 
fied from spleen, liver 
and swine kidney^-® 

8.0-S.4 in presence 1 
of Mn++;7.8-7.9in j 
presence of Znt+; 1 
7.4-7. 5 in absence 
of met-al j 

) 

A dipcptidase, hydrolysing ( Activity enhanced by Zn**’ 

L-alanyl-L-histidine > j Mn+''' 

glycyl-L-histidine > ; 

P-alanyl-L-histidine > j 

D-alanyl-L-histidinc j 

3.4.3.6 

IriinodiptpUdase 

(prolinase) 

Many tissues; has 
been partially puri- 
fied from swine kid- 
ney^ 

ca. 8 j 

1 

j 

i 

Similar in action to the intes- ! Activity enhanced by at' 

tinal enzyme ' Cd++ 

3.4.3.7 

Imidodipeptidast 

(prolidase) 

Manytissues;hasbccn 
found in skeletal and 
smooth muscle, eryth- 
rocytes, serum, pitui- 
tary, lung and kidney, 
and has been partially 
purified from equine 
erythrocytes and 
swine kidney^ 

7.8-8.0 1 

1 

i 

I 

f 

! 

1 

1 

Similar in action to the intes- { Activity enhanced by Mn^'^ 
tinal enzyme ; 

I 

3.4.2.1 

Carboxypeplidnst A 

Most animal tissues 

ca. 7 

tfomospccific with pancreatic j Old name: cathepsin H 
carboxypeptidase A i 

* -n^e numbers and trivial names am those recommended by the Eneyme The term -cathepsin- is applied to proteinascs 

The numbers of Biochemistrj- (see pagcs385 other than the gasttomtestmaltnct. None of them has yet been era. 

Commission of the International Union or tiiocncmisrr} t t i. ph>-siologic.al role is not established. 

•"'^'^e specificity relationships listed have been elucidated by the 
synthetic substrates; they are not necessarily those of the enzymes acting 

on proteins in rho. - " 
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ret/i 12 (conlinueii) Feptidyl-peptide hydrolases and ezopeptidasea m tissues othet than the gasttointestmal tract 


Enaytne* 


Optimal pll of ictsoa 

Reaction catalyred** 

Remarks 

3.4 1.1 

Ltuem amint- 
ptphdast 

Many tissues; espe- 
cully abundant in 

Exop*ptUa 

8-9 

ttt (cmtuiiai) 





3 4.U 

Amimfiptidast 

Most animal tissues 

80 

Similar ut action to intestinal 
tnpeptidase 

Inhibited by cysteine, Cd**, Hg*+. 
Rapidly mactiTated in acid media 

• The nuitiben tnd inviti ntmes ire those ftcommended by tke Cnayine -- ■' “ e< »«ncv\ 

Cominiision of the Intemitionsl Union of Biochemistry (uepagcedhS * • • • * 

** The t[«cificity relationship! listed have been clucidaied by tbe use of • ' • 

symheiie substntcs, (hey ere not neeessarily those of the enzymea trting * a " i • ■ 

on ptotcina Je iise a ■ ■ ■ ■ 

Rcferencce , . 

' rortitvievieeFiuTON, J S .inBantceal (Gdi h7>>£«7«tr.2ndcd . • 

vol 4, Actdemie Tru, New York, 1960, page 23d • .•< s 

> CttzNisvu ei tl ./ W Cit* . 234, 2S8S (I9S9) 


TtUt tS Glyeosyltransferasei tnd glycoside hydrolases (glycosidases) (fir n/trfun m p<nt 4IJ) 


1 

Leetiion 

1 Optimal pti 1 
1 of tction j 

1 Reaction alalysed 

Remarks 

1 

j a Chum plutpJit- \ 

1 fjhu' 

(glycogen 1 

phoiphorybie}i 

Muscle, liver 

69 

! Transfers o-glucose Ksidise* from non- 
1 reducing end of starch or glycogen chains 
; loinofganicphosphaie.D-giucoseoroligo- 
saccharides 

ei-o-glucose 1-pbosphaie + (C), 

IG)... + HaPO. 1 

i 

i 

Acts on glycogen and atnylopectin 
Phosphoiotysjs of exterior chains giv- 
ing 20-44% ei-D-glueose l-phosphats 
from various glycogens and 35-55% 
from various amylopectms and leaving 
' a phosphorylase limit dextrin (®-dex- 
ttin), Most phosphorylases exist in 1 

morethanonefotm.anjfonnaetiTem | 

the absence of adenosine 5' phosphate ^ 
' and i i form dependent on adenosine 
S'-phosphate fo: activity Fytidoxal S'- , 
phosphate is a prosthetic group for a , 

and i forms Interconvetsionofeand^ ( 


forms IS an eru7niic process inTolTing ^ 
the action of a specific phosphatase . 
(« -► i) or a phosphohmise (i -*• fl) I 
This change is accompanied by a gross | 
change in molecular size 


} 2 I 1 SaliTi, 6 D 

pancreatic |uice, 
blood 



j ucts of the enzyme reaction are malt- 
ose {70-90?»), small amounts of d glu- 
1 cose, tnd a limit deslrms consisting of 
4-8 glucose units and containing one 
I ormotea-l.fi-glucosidiclmkages^.TTie 
I «-amylases are calcium metalloproteins 
I whose activity is enhanced by Cr> 
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'1 al'It 1 3 (contimt/d) Glycosyltrnnsfctascs and glycoside hydrolases (glycosidascs) 


Enzyme* 

1.0 cation 

Optimal pH 
of action 

Reaction catalysed 

. 

Remarks 

3.2.1.10 

0/i£o-l,6-j;lucosi- 

dase^ 

Small intestine 

6.3 

Hydrolyses 1,6-gIucosidc linkages of iso- 
maltose, panose, and «-amylasc dextrins 

i 

Participates in the digestionof starch by j 
hydrolysing the a-amylasc liroit-dex- ' 
trins to smaller unbranched molecules i 
that can be further degraded by a-amy- 1 
lasc and a-glucosidasc in the pancreatic j 
juice. Has no action on glycogen, phos- } 
phorylasc limit-dextrin or maltose i 

i 


3.2.1.33 

Dexirin- 1 ,6-^liico- 
sidase'' 

(a similar 
enzyme from 
plants is listed 
3.2.1.9) 


Muscle 


Hydrolyses the outermost inter-chain link- 
ages in a phosphorylasc limit-dextrin to 
give glucose -t- polysaccharide 


3.2.1.20 

ft-Glucosidase 


Small intestine, 
pancreatic juice, 
blood, liver 


6.6-7.0 


I 

1 -where R = glucose (in which case the com- 
pound is maltose), substituted hcxoscs, 
phenols, terpenes, etc. 


3.2.1.21 

^-Glucosidase 

3.2.1.23 
\3-GaIaclosidase ® 


Kidney, liver, 
small intestine, 
blood 


0-R HQ A 0, 


Originally known as amyIo-l,6-gluco- 
sidase. Hydrolyses the a-l,6-gluco- j 
sidic bonds of the limit-dextrin re - 1 
suiting from phosphorylase action, j 
The enzyme liberates glucose plus a i 
polysaccharide that can again be dc- j 
graded by phosphorylase action. The j 
concurrent action of dcxttin-l,6-gluco - 1 
sidase and phosphorylase gives com- ‘ 
plete breakdown of the polysaccharide j 
yielding >90% a-D-glucose 1-phos- ' 
phateand D-glucosc(4-8%)fronithea- j 
1,6-linkcd rcsidues.This enzyme differs j 
from oligo-l,6-glucosidase in having ! 
no action on isomaltose, panose, or a- ! 
amylase limit-dextrin. In the rchtire j 
absence of this enzyme, as in type 3 gly- . 
cogen-storage disease (see pages 450 to ; 
451), glycogen breakdown is inrom- ^ 
plete and limited to the exterior chains . 

Formerly called maltase: the maltose 
produced from the digestion of starch i 
by a-amylase is hydrolysed to glucose ’ 
by this enzyme. Inhibited by the glu- j 
cose formed. Certain a-glucosidases ^ 
hydrolyse sucrose and others do not. 

At least three intestinal ‘maltases’ have 
been separated from ‘isomaltase’-’' 


3-Glucosid3SC is widespread in plants 
and micro-organisms. In some ptepa- 
rations it appears to be idendcal -uath 

3-galactosidasc^. p-Galactosidases w,a ' 

transfer galactose residues to a vane.) > 
of acceptors (such as lactose, gahetc*' ^ 
and glucose) as well as to water 


3.2.1.31 

^•Glucuronidase ® 


All mammalian 
tissues and body 
fluids; especially 
high in liver, 
kidney, spleen, 
epididymis and 
cancer tissues 



Hydrolyses steroid glucuronidcs and vari- 
ous 0-gIucuronidcs excreted in urine and 
bile 


Possibly plays a role in mucopolv^at- 
I chatidc metabolism. Hydrolyses al_2 • 
j aryl, alicyclic and acyl p-glucutoai a 
\ and some p-galacturonides. rvaoao 
I lactones arc powerful competitive in 
I hibitors of the enzyme. Dilute sou 
j tions of the enzyme arc activated iw ■ 

[ specifically by a variety of high ■ 
Iccular weight compounds, the tn ' 
reliable results being given by a - 
min. No action on a-glucuroni*^ 
p-glucosidcs. Shows some traas 
Tcaction »/; rilro but unlikely to 
importance in glucuronidc ayn'hes ' , 
rim. After the action of tcsticubr a.” _ 
uronidasc on hyaluronic add j 
droltin, the oligosaccharides fat ^ 
arc degraded stepwise from the 
reducing end by 
p-acctylglucosaminasc (bcloa) 

alternately 


I ' . — ^ — 

!■ The numbers and trivial names ate those recommended by the Enzyme Commission of the International Union of Biochemistry (sec pages a. — ■ 
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1} GtycosyUnn&ftntes *n4 gl;co4l<i« kydiobm (glycmuUMi) 


Enijme* j 

Location 

Optimal pH 
of action 

Keactioa caufyicd 

|(<maibi 

.1J5 1 

'oJimiutf 

■hyilufoni- 

Ja«)» 

Teifcs 

ca.7 

, 

j 

produces of action on ehoodroltln lul- 
phatet are letraeacchandea, aprnremi/ 
iiilM-andfr'iulphateeiieri Irie hyal' 

1 uronidase contained in the hear] of 
mote mammalian tpermaiozoa prob- 
! ably playi $ role In their nenctrailon 

1 through (he gcanulota cell layer of the 
oevm 

2.1 17 

{tetp<piiJttl»e9~ 

yjnian’* 

(ly»o»ym«) 

Tein, {uul 
mueui, laliTa, 
blood Ktum 
and pliirru 

62 

....... ... . 1 

a role in defending mucut surf'acet 
agamic bacterial inraslon 

J 2 1.19 

Utfatriiutt ' ’ 

IjTtr and 
kidney 

5 3-6 8 

1 HydtoIyHe <1-1.4 Iwka between tvglocoa- 
imlne tulphate and o-gluenewiie acid resi- 
due! in hepann 

A iimilat enzyme isolated from baetc' 
na has been used toclucidate the ttruc. 
tore of heparin'* 

3 2.1.30 

Spleen, liTcr, 

• kidney, lung, 
blood, he«n, 
bntn, icxei 

40-60 


; ' ; ; ' , 





1 

1 glucose residues from A but not fton 

1 0(10" The same enzyme may act oi 
• S-acerylgaiaetotammaset 


* Hw nuffbcn *nj iciti*l fiim ire thae 
CommiMlon ct iti< tnnmidoiul Uniort 
•>vl 3I«\ 


' MxxrMt. D J . /iiW 0*jy c*r» , 17. 371 (!«:) 
t T^ISO inj tt KlUM, 74. 137 (t«0) 



C/imi/t kyJnlaiittf iki *«<«« »/ I'U tamm tmall vtlalun’ 


Ap 

NW 

(mg'g 

nructajl 'Milnat’ ' 

^*3iciKaraae* | 

C«T«f<li»lty(U/gpro«.n). 

'lioimltale’ 1 .. , I 



Geitifiooil age 



■*(06-7J) 1 

1 



‘OllohuK’ 


2-3 tnontht 

2 

4i5 12.5(21-23) 


1 4 (p 6-7.4) 

1 



3 4 inoniht 

3 

51 (47-55) 104(80-124) 

|40(34-48) 

36(36-37) 

7(5-9) 

15 

26 (15-37) 
3l(U-77) 
30(5 0^54 5) 

“ 

- 

6 tnootht 

1 

90 ,132 

|52 

144 

“ 

5 

7 -8 montht 

6 

96 (58-l.»0) 235(100-451) 

91 01-201) 

174(35-145) 

41 

(,(, 

S 9 mooihi 

10 

90(77-ir>) *281 (138-422) 

101 (5t-t50) 

jss (37-113) 

5 8(4 4-8 5) 

11.4 (8.(8, 

^dul(t 

15 

90 (84-120 ' 246 f70-456) 

J i 

>6(24-J529 


6 ''(3 2-16.2) 

6 8(1-11/,) ! 

U.4lHlt-3Z 

W5{7«.U7 

. 11’ - 1 iimoldn 


r hydrolyW p« minute M37*Can4|,||5s 

' AcaiccHio et a| 

. t'iiiauU'. SS t. 
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Trt/’/f 1‘t I'atty ncid ester hydrolases (fatty acid esterases) 


Hnyymc* 

laacation 

Optimal pH 
of action 

Reaction catalysed 

Remarks 

Cnrh:<yltjlera!e ' 

Most tissues, 
high activity 
in liver 

ca. 8 

Hydrolyses carboxylic esters to 
give a carboxylic .acid .and an 
alcohol 

Formerly called aliesterase. Hydrolyses di 
solved triglycerides. Much more active c 
simple esters (c.g., methyl butyrate) tha 
on acetylcholine. All esterases can catalys 
the transfer of the acyl moiety of the sul 
strate. In the presence of hydroxylamin 
the liver enzyme catalyses the formation c 
hydroxamic adds from fatty adds^ 

3.1.I.3 

Lipait^ 

P.incrcas, 
gastric juice, 
saliv.a 

7-9 

CHj-O-CO-R 

1 

CH— O-CO-ff 
(Ihj— O-CO-R' 

where R, R' and R' are long-chain 
fatty acids. Attacks tri- > di- > 
monoglyceridcs 

Splits preferentially the outer chains of th 
triglyceride so that hydrolysis proceeds ■ri: 
triglyceride -> 1,2-diglyceride 2-mono 
glyceride glycerol. Pancreatic lipase scr 
only at an ester-water interface. Suspen 
sions of methyl butyrate and triacerin arc 
readily hydrolysed but the enzyme does 
not attack true solutions of methyl butv- 
tatc. Bile salts activate the enzyme, in part 
by emulsifying the water-insoluble sub- 
strate. The optimum reaction for hydro- 
lysis of lower triglycerides is about pH 7. 
For higher triglycerides it is pH 8.8 

3.t.l.6 

ActlyUsleras'e ’ 

Widely 

distributed 

ca. 7 

Hydrolyses acetic esters to give an 
alcohol and acetic acid 

Also attacks aromatic acetates. Less sensi- 
tive to cserine inhibition than choHnestet- 
ase 

3.1 .1.7 

ActlyMwUmsierate ^ 

Most tissues, 
especially 
conductive 
tissues (e.g., 
brain, nerves), 
erythrocytes 

ca. 7 

Hydrolyses acetylcholine to give 
acetic acid and choline. Hydrolyses 
ptopionylchoUne at the same rate 
but butyrylcholine only slowly 

Has a well-defined optimum substrate con- 
centration foracctyidioline of 4-7 timolfm! 
and is inhibited at higher concentrations. 
Acctyl-i3-mcthylcholine is rapidly hydro- 
lysed, but the rate is considerably lomt 
than with acetylcholine. Acts on a varicO" 
of acetic esters and catalyses transacctyh- 
tions 

3.1.1.8 

Cholimsterase^ 

Most tissues, 
especially blood 
scrum, pancreas, 
liver, ovary, 
placenta, 
intestinal 
mucosa, brain 

ca. 7 

Hydrolyses acylcholinc to give 
choline and an acid 

i 

Hydrolyses butyryl- or propionylcholinr 
more rapidly than acetylcholine. Also 
hydrolyses simple butyryl or propionyl 
esters. Does not act on acctyl-p-mcthyb 
choline. Docs not have a well-defined sub- 
strate optimum, i.c., is not inhibited by 
excess substrate. The cholinesterases cjs 
be distinguished from the simple cstcrasfi 
by the effect of cserine (physostigmir.cl. 
All types of cholinesterase are complete.’; 
inhibited by I0'’-molar cserine 

3.1.1.13 

Choieslero! esltrasi^ 

Pancreas, 
blood scrum 

ca. 8 

Hydrolyses cholesterol esters to 
give cholesterol and an acid 

The enzyme from pancre.as has an absolir- 
requirement for free cholic acid. The ct 
zyrae is much less stable than lipase. Pun 
fied enzyme has synthetic as well as hydro- 
lytic activity. Cholcstctol, dchydtoandro'- 
tcrone, dihydtocholcstcrol and cholcstaflo. | 
are readily estcrified and all the steto'f 
butyrates arc rapidly hydrolysed. CbiOk'T 
tcrol cstcr.asc m.ay be identical with one ct f 
the carboxylcstcrascs of the pancreas | 


• The numbers and trivial irames are those recommended by the Enry^e 
Commission of the International Union of Biochemistry (sec pages 385 


and 386), 


t KorstEE,B.H.].. in Boyer et a!. (Ed5.),r<f 2nd cd., vol.4.Ac3- 

demic Press, New York, I960, page 485. 


- Lifmann and Tuttli:, t.Acta ( Arttl.J ^ 4, 30t (1950). 

^ DESNUci.t.E, P., 23, 129 (1061). 

^ Wii50N,I.Bs, in Boyer ct al.(Eds.),T'.^? 2ndcd.,vol.'l, 

Press, New York, 1960, pnpe 501. , j 

^ Augustiii^ssox, K.-B., in Boyer ct al. (Ed'.), Th 2nd cd.. yc- 

Academic Press, New York, I960, p^gc 521. 

€ Hernvsoez and Cww^orr,/. 228, 447 (1057). 


i 

i 
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hh 15 Photphatises 


5.1 3 Pkaipkorii acid tmaetttr kyJrolastt ( phasphomtnaeitiraits) 


Mc)s( cells, 
particuliiljr 
rones of growth 
of bones, 
intestinal 
mucosa, kidney, 
beta ting 
matnmary gland, 
milk 


9-10, 
depending 
on substrate 
and concen- 

ri 

TT 


nofn 

5 3-S6 

As for alkaline phosphatase 


KC-0 HC-O 

1 

S 

:£• 

4- 

■i-i-i-i 

i 

J 

H.0K 

ChKoKi- ChKote 

fhinphaK 


flas wide specificity. Activity u 
enhanced by divalent cations, e g , 
Mg++. In contrast to certain other 
groups of hydrolases, phospho- 
monoesterhydroJases and phos- 
phodiesterases are not mhibiced 
by di-isopropyl fluorophosphate. 
The enayme shows transferase ac- 
tivity. In hypophosphatasia ab- 
normally low amounts of the en- 
zyme are present in all tissues and 
in blood serum In bone destruc- 
tion the amount in blood serutn h 
cwwidcnWry wititvstd 
serve to provide inorganic phos- 
phate for metabolic, excretory and 
some secretory purposes 


1U2 

AdJ phttpiatitf 


3U9 

CIa.»r-6.plMf- 

philiiit* 


Lactating 
mammary gland, 
kidney, prostate, 
liver, spleen, 
eryihr^ies 


Has wide specificity Many but 
not all acid phosphatases catalyse 
transfer of the phosphoryl group 
CO organic hydroxyl compounds 
Of the animal and phosphatases 
only the enzyme from prostate 
glands IS inhibited by (•!■) tartrate 


1 3 J 3 ll 

I UtrtnJipJiti- 

I 


H;0K 

Hi"’ __ 

tilsn 

oyinvit 






Readily catalyses the transfer of a 
phosphotyl group from glucose 6- 
phosphate to glucose or fructose 
Hyd^Iycie aetirity is inhibited by 
glucose Appears to be solelv asso- 
ciated With the microsomal frac- 
tion Plays a role in the formation 
of glucose from glycogen and 
noncatbobydrate compounds (see 
Fig 17,page44l} Absent ftom, or 
weak in, the liver during glycogen 
storage disease' 


1 


Markedly specific for fructose 1,6- 
diphosphate* Does not hydrolyse I 
glucose 1-phosphaie, glucose 6- I 
phosphate, fructose 6-phosplute, 1 
L-sorbose l-phosphafe or phos- 
phoglycetate Fructose 1-phos- ' 
phate and L-soebose 1,6-diphos- 
phace ate hydrolysed at races of 
0009 and 0 03 times the rate for 
fructose 1,6-diphosphate respec- 
tively The enzyme is activated by 
or Mn+* and inhibited by 
ftuetose 6-phosphate, fructose 
1,6-diphospliate and adenosine 
monophosphate Plays a role in 
the synthesis of glycogen from 
ncvicarhohydrate compounds fsee 
Fig 17. page 441) 
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Tahit IS (coiilhtiitdj 

I’hosphntascs 

Hniymc* 

I-ocalion 

Optimal pU 
of action 

Reaction catalysed 

Remarks 



3.1. 4 Phosphoric acid diesUr hydrolases ( phosphodiesterases ) 


3.1.4 

Phosphodicsitrasts 

Widesprend 

.. 


Hydrolyses phosphoric dicsters to a phos 
pboric monoestcr and an alcohol 

The enzymes classified as phos 
phodiestcrases arc listed else- 
where, c.g., glycerophosphoryl- 
choline dicstetase, phospholipase 
C and phospholipase D in Table 16 
opposite, and ribonuclease, deoiy- 
ribonuclcasc and phosphodiester- 
ase in Table 17, page 441 



3.6.1 Hydrolases acting on anhydrides containing phosphoryl 


3.6.1.1 

htorgmic pyro- 
phosphatan^ 

Liver, brain, 
erythrocytes and 
other tissues 

7.6-7.8 

jIH ; |IH 

Cl=P-(f^0 1 2 HjP 04 

Ah I Ah 

1 

HlOH 

1 

Has an absolute requirement for j 
Mg++. Some tissues contain a ' 
pyrophosphatase with an acid pH ; 
optimum, and this enzyme is not 
stmuhted by Mg++ i 

i 

1 

1 

1 

3.6.1.7 

A lylplwsphatase ^ 

Skeletal muscle, 
brain, kidney, 
liver, leucocytes 

5.3 

oh! 

1 ; 

0=P'fO-CO-R 

AhI 

hq;h 

where R - CO = acetyl, butyryl, palmityl 

Also catalyses the hydrolysis ofj 
1,3-diphosphoglyceric acid and 1 
carbamyl phosphate. No reacoon , 
with glycerol phosphate, 3-phos- ; 
phoglyccrate or phosphocnol- 
pyruvate. Stable to heat at acid pH - 
values (no loss of activity after , 
15 min at BO^C). Has a molecular 
weight of ca. 13000 and is simiht - 
to ribonuclease both in size and in ' 
its remarkable stability to various - 
denaturing agents ' 

t 

3.6.1.9 

Nucleotidt pyro- 
phosphatase^ 

Kidney, liver 

ca.8 

Hydrolyses dinudcotidcs to give 2 mono- 
nucleotides 

r 

i 

1 

1 

1 

Acts rapidlyonNADHj.NADPHy 

?AD, adenosine diphosphate n- 
aosc and several analogues o‘ , 
NADH;. The animal enzyme g«t- . 
crally splits NADHi faster than , 
VAD. The enzyme from poBti' - 
tiso splits ADP, ATP and tint- , 
nine pyrophosphate 

! f 

! 1 

) 

* The numbers and trivial names arc those recommended by the Enzyme ^ Schmidt, G,, in Boycr ct nl. (Kds.), Tkt 2nd cd., voL5, ^ 

Commission of the International Union of Biochemistry (see pages 385 dcmic Press, New York, 1961, page 37. 

1 ’^Ashmore and Werkr, Vite^.c’rd Herr:.^ 17, 91 (1959). 

^ CoRt and CoKxJAucLChirf., 199. 661 (1952). 

5 Mokr.\sc» and McGiL\T.Rv,/./>/>/.CA/r?., 221, 909 (1950). 

References ^ Sc-W- and BiNKLr.T,/./’/j/.CAfrr., 228, 193 (1957). 

>SrAD™AN.T.C.inBovr.nctnl.(Eds.).r<tH->,-,na,2ndcd.,voI.5.Aca- ^ « al. 235 : 

dcmic Press. Nev? York, 1961, page 55. ® J.acoasoN and i^sx.K^J.t-wgS^,.hc,hn.Cy;el., 3. 31 (!95,). < | 



3 and trivial names an 
of the International U 


I Stadtman.T.C,, in Bovxn ct al. (E 
demic Press, New York, 1961, pag 


Hygroton® 


Long-acting Smooth, contin 
diuretic control in oedet 


Geigy 
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16 Phospholipasej 

Typical pholphoIipiJa, luch as Icciihm or cephalin. may be 


- (C) ! (D) 


«herc R-C-O is a saturated, R‘-C-0- an un 
capable of clearing the four designated bonds 
cleatage of a catboiyl ester, phospholipases C 

saiuraicii. long chain fatty acid, X — Clf, for lecithin, H for ccphalin The corcespondind enzrmcs 
IniheroimaUitecalledplKiapholipaset A.B,Cand D Since the terns 'lipase' usually refers It’ 
and D am In a attict arnsc ph^tsodietcenfea. 


Location 

Optimal pH 
of action 

Btaciion caialyaed 

Rcmailii 

1 4 

<spko!i[^ii /{ r 

Muscle, heart, 
liTcr, kidney, 
adrenals, 
pancreas 

ca 7 


1 . ... 





«iihouc loss of activity, Cleaves the phospholipld.<yt®' 
«0fnpl« wiihm mitochondria, causing powe** 
ful mhibttton of eettam respiratory enajmes 

1 5 

eipStlipitu B ' 
[lyiophojpho- 
lipase) 

Lieer, pancreas 

40-4 0 



143 

tsfiMijun C 

Ckitn/mm 
loems, braio^ 

6 0-7 6 


• . 


1 Not preaent in 
mammalian 
tissues round 
in plimi* 

! 5 1-5 9 


for'1o’m*n *'* **"*« hwung at lOO'C 

hoipAo/tf^ist D 

! Qearage of ihe phosoho- 
lipsd at the po 

1 marked (D) in tlw 
i cnula 



«fijnolam>re‘ReLrea Slycerophospho' 

I P-'-fi'd from bacterial ex»fc^ 



418 


Metabolism - Digestive Enzymes 


7'ablt 17 Nucleases and other enzymes acting on nucleotides and nucleosides 


Enzyme* 

Location 

Optim.il pH 
of action 



Reaction catalysed 

Remarks 

2.7.7.16 
JiihniidMtt ’ 
(RNAasc) 

Most tissues, highest 
activity in the pan- 
creas 

RNAase content of 
vertebrate pancreas 
(Rg/e)" 

Cow 1200 

Sheep 1080 

Goat 1000 

Mouse 395 

Lizard 380 

Rat 260 

Guinea-pig 240 
Tig 80 

Horse 25 

Chicken 20 

Whale 18 

Monkey 2 

Man 1 

Cat 0.5 

Dog O.S 

Rabbit O.S 

7.0-8.0 

Catalyses the dcpolymcriza- 
tion of ribonucleic acid, pro- 
ducing nucleoside 3'-phos- 
phates. The .mimal enzymes 
cannot attack purine nucleo- 
side phosphate linkages and 
consequently produce a resis- 
tant ‘core’ rich in purine bases 

First action of RNAasc on intemucicotic 
bonds is transestcrification to form a p; 
rimidine nucleoside cyclic 2',3'-phosp!u' 
ester. These terminal groups are split oil i 
free mononucleotide cyclic phosphate 
\yhich arc then hydrolysed with the forms 
tion of the corresponding nucleoside 3‘ 
phosphates. Some enzymes produce nu 
clcoside 5'-phosphates from RNA. Bovin 
pancreatic RNAasc has been extensive!; 
studied 

3.1.4.5 

Dtoxyribo- 

mcltase^ 

(DNAase) 

3.1.4.6 

nucltate IP 
(DNAase 11) 

Many tissues, 
pancreas being the 
best source 

ca.7 

4.5-S.5 

Catalyse the depolymetization 
of deoxyribonucleic acids. 
Products include mononucle- 
otides through to oligonucle- 
otides. All four mononucle- 
otides have been isolated from 
the enzyme digests. The nu- 
cleotides are terminated in 5'- 
phosphates In the case of 
DNAase and 3'-phosphates in 
the case of DNAase II j 

i 

1 

DNAase requires added Mg++ for activity, 
is inhibited by EDTA and has a pH opti- 
mum at ca. 7. DNAase n is inhibited by 
added Mg++', often activated by EDT.4 
and has a pH optimum at pH 4.5-5.5. Both 
DNAases can occur in the same tissue 

3.1.4.1 

Phosphodiesterase ^ 

Intestine, spleen and 
other tissues 

ca.7 

Hydrolyses phosphoric di- 
esters to give a phosphoric 
tnonocstcr and an alcohol 

! 

1 

i 

1 

Attacks both ribo- and dcoxyribo-micr- 
nucleotide bonds. Has wide specificity. The 
spleen enzyme forms 3'-nuc!cotidcs 

3.1 .3.5 

5'-Nucleotidase ■* 

Retina, nervous 
tissue, prostate, 
testes, sperm. In 
human tissues the 
highest activity is in 
the posterior 
pituitary gland 

Cl. 8 

Hydrolyses all ribonuclcosidc 
and dcoxyribonucleosidc 5’- 
phosphates as well as nicotin- 
amide mononucleotide to the 
Corresponding nucleosides and 
orthophosphate 

Preparations of the enzyme, especially fw® ; 
snake venom and bull seminal plasffl.r. h'U^ , 
been used to help establish the identity o. , 
nucleoside 5'-phosphatcs 

2.4.2.1 

Psnrine nucleoside 
phosphorylase^ 

Liver, brain, thymus, 
erythrocytes and 
other tissues 

ca.7 

1 

Pentose I-phosphate -h purmc 
^ nucleoside + orthophos- 
phate 

1 

< 

< 

1 

Since the reaction is readily rcrersibk tK 
enzyme is often ass.iycd ns orthophosp 
released on nucleoside formation. At 
lWo classes of enzymes, purine and P)'^ 
iiidinc nucleoside phosphoryhises, 
neen recognized. The specificity o 
various enzymes has not been eompc . 
Ictcrmincd. It seems likely that these 
,ymcs play a role in nucleic acid or . 
lown rather then in nucleoside synt 

* Tht numbers and trivial n.ames arc those recommended by the Enzyme Commission of the Internatioarl Union of Diochemistrj- (see psKcs 
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TahU 17 (lonUnued) Nucleases and ocher enzymes acting on nucleotides and nucleosides 

I Cu,™- 

Location 

Optimal pH 

Reacdon catalysed 

Remiilis 

3546 

jAMP Jtaminast* 

Muscle and other 
tissues 

6.1-6 4 

Deamimtcs adenylic acid to 
inosuuc leid and ammonia 

Acts only on 5'-adenyUc acid and 
oiyadenyiic acid. The rate with the lat**f '* 
about 1 % of that with the former 

3544 

Aiinaimt Jeaminati^ 

Muscle, liTcr, 
intestinal mucosa 

ca.7 5 

1 

Deaminaies adenosine to ino- 
tine and ammonia 

Deoxyadenosine is also deaminated 

3!43 

1 CiusKM /■dxiKurf ’•* 

Liver, muscle 

6-10 

1 

Deaminates guacune to xan* ^ 
thine and ammotua 

i 

to determine miero'smounts of guanin^ 

1232 

’ Mitk, liver, spleen, 

^ kidney, lung 

'74 

1 

1 The purdied enzyme oaidirei 
j hypoxmihinecoxanthine,ian* 
j thine to utic seid, and aide- 
1 hydet to acids 

1. 

Contains Aavm adenine dinueleotiJe, 
and molybdenum 

1733 ^ 

Liver and kidney of 
mamnuls Absent u\ 
mm and other 
primates 

92 

Oiidiset urie acid to allantoin 
according to the overall re- 

uiK arid + 0,h 211,0 
-*■ alUntom 4- 1 1,0, -I- CO, 

1 

1 

1 Contains copper The production of all;*'*' 

1 toin rt dependent on the intetaciion of t^*® 

! reaction intermediates with the buffer ioAS- 
In phosphate and tcis buffers the product is 
allantoin alone but m borate buffer ofly 
30% of the product is allantoin 

• -ni* namSfr* loJ Iti 
Commiiiion of (tx 1r 
•nj J«S1. 

itut rutnciiiv tho« neon 
i'cmai>oni1 Vnion of Pkt. 

vnndvdbv ike Cnmne * Rsieeit,'*’ E , loCowowica and Kavum {CA*.), Mtiia/s u 

3hemi«irT (see pep:cs SSS vol 4, Academic Prcaa. New YotV, I96S, page 234 

' \srfi»xtnJt(.iiTi,inB.3Tr«t«»I [EJkJ. r*»f JndeJ .»ol J 

AfiJenwc Pre»i. New ^ oti, Wt. {•«*« S' 

*Uj«ow»»i. M tl (fJ*.' rfc/'w7«e/.2'>t»d.»oI S.Aca 

J'-o'iC P*T*i, NewA ojk I96t, pete 1J3 
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Synthesis of coll constituents 

Apart from supplying energy, the products of digestion serve 
ns precursors of many cell constituents. The mnmmnlian body can 
form nil cell constituents from : 

1. The essential amino acids (see page 434) 

2. Vit.amins 

3. The essential (highly unsaturated) fatty acids 

4. Mineral salts 

5. A bulk source of carbon (usually carbohydrate) 

6. A source of nitrogen in the form of ammonia derived mainly 
from surplus amino acids, with small amounts supplied by purine 
bases, pyrimidines and amino sugars. 

Carbohydrate ns a bulk source of carbon can be largely replaced 
by protein and fat, especially in carnivores. 


Much progress has been made in recent years in the clucidrtio 
of the pathways by which the basic constituents of food ate cor 
verted into cell constituents, but many details still remain to b 
clarified. Asynopsis of the available information is contained in ft 
section which follows. 

Synthesis of coll constituents from glucose 

The principal products, their pathways of fotmatiori and the 
physiological functions ate summarized in Table 18 below. 

The oxidative pentose phosphate cycle 

Glucose 6-phosphate (formed from glucose by the hciokimst 
reaction) can be oxidized in liver and some other animal tissnrsst 
the carbon atom 1 to yield 6-phosphogluconatc. This initiates 2 
sequence of reactions in which various pentose phosphates anl 
other sugar phosphates arc formed. In the course of these rcactioni 


Tabu IS Formation of basic cell constituents and metabolites from glucose 


Product formed 

Pathwriy of formation 

Physiological function 

Glycogen 

From glucose 1-phosphatc via UDP-glucosc, catalysed by UDPG 
pyrophospborylasc and UDPG glycogcnglucosyltransfcrase ’ 

Storage of carbohydrate 

Galactose 

Reversal of reactions 4 and 5, Table 4, page 390 

Constituent of lactose, cerebrosides 

Lactose 

Probably from UDP-galactosc and glucose 1-phosphate, via lactose 

Milk constituent 

Ribosc 5-phosphatc 

1 -phosphate 

Reactions of the pentose phosphate cycle (see opposite page) 

Constituent of nucleic acid and nucleo- 
tides 

Dcoxytibosc 

Probably by aldol condensation between glyccraldehyde phosphate 

Constituent of nucleic .icids ‘ 

S-phosphatc 

and acetaldehyde (reversal of the reaction shown on page 399) 


Glucuronic acid .and 

Formed via UDP-glucosc (see page 423) 

Constituent of mucins (hyaluronic acid , 

iduronic acid 


and chondroitin sulphate) and of nsp* 
arin; detoxicating agent 

Glucosamine 

From fructose 6-phosphatc by transfer of the amido group of gluta- 

Constituent of lipids, polysaccharides 


mine (see page 423) 

and glycoproteins 

l-Fucosc 

From fructose 6-phosphatc via GDP-mannose (see page 423) 

Constituent of milk oligosaccharides 
and glycoproteins 

Fructose 

Reactions of glycolysis and hydrolysis of fructose 6-phosphatc by 
phosphatase 

Constituent of semen 

Citric acid 

CO, -fixation by pyruvate (sec page 424) and reactions of the tricar- 
boxylic acid cycle (see page 390) 

Constituent of bone, milk, semen 

Constituents of fats and phospholip-d- 

Fatty acids 

From acetyl-coenzymc A (formed via pyruvate) by a route involving 
malonyl-cocnzyme A 


Glycerophosphates 

Reduction of dihydroxyaectone phosphate, catalysed by glycero- 
phosphate dehydrogenase 

Constituents of phospholipids 

Phospholipids 

See page 425 

Cell constituents 

Glyceride fats 

See page 426 

Cell constituents 

Sterols and steroids 

Sec pages 426-432 

Cell constituents: hormones 

Nonessential amino 

I 


acids : 

Glutamic acid 

Glutamate dehydrogenase reaction (see page 432) 

Constituent of proteins and special (Xi 

tides (glutathione, folic acid) 

Aspartic acid 

CO.-fixation by pyruvate (sec page 424) and transamination between j 
glutamate and oxaloacctatc j 

Constituent of proteins 

Alanine 

Transamination between pyruvate and glutamate j 

Constituent of proteins 

Glycine 

Serine 

jFrom 3-phosphoglyceratc by the rc.ictions shown on page 432 jj 

Constituent of proteins 

Constituent of proteins 

Cysteine 

From serine by triinssulphuration from homocysteine derived from j 
methionine (sec pages 397-398) i 

Constituent of proteins 

Proline 

From glutamic acid or ornithine (sec page 432) j 

Constituent of proteins i 

Hydroxyprolinc 

Probably by oxidation of prolinc (see page 432) | 

I 

Constituent of proteins 1 
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Ti« glucose S-phosphate u regenerated, implying a nature 
the reaction sequence. The reactions of this cycle represent a 


m 

o=t-H n 



0=-C-H 

H-D-DH 


CHjDfOjH. 


H-C-OH 


CHjQPOjH, 

SedohepiuloM 

7-pKojphate 


The 6-phosphogIuconate formed is osidatiTely deearboxyljted 
1) to yield tibulose 5-phoiphate, while another molecule of NADP 
I reduced a 


ii-c-w 


H-|-( 


u-c-w 


Ham, 

H-i-W 

CrljCTOjH, I CHjOPOjKjJ CiyWjHj 

1 rhospho* thpe’hecial lnier< Ribulow 

(lufenic leij mediste (3 k<te i photpho- 5 phosphate 

gliMome ic’d) 

Ribuloie S phosphate undergoes two diffeceni isometiaations, 
one to tibose 5>pho*rhate (t) eatalysed by pentose phosphate iso* 
merise* 


5 — :ii 


h-Hh 

n-^-CH 

RibuloK 3 phoipli>f< I 
I) to aylulose S-phosphatc 
CHjW 
C-O 

If-C-CM 

pwra/i, 

S pho«pN»tt 


■ C-a 

C-CM 

CH^/, 


r 

KJ-C-H 

tt-i-w 

S-pho»ph«« 


'C=-C-N ITi 


- c-i> 


niFoyf, 

cnhkhTde 



r 

lih-C- 


ounyi, 


N-C-OH ■ 
H-ll-Oil 


HD-i-fl 

H-C-OH 


The fructose 6-phosphMe formed m. reactions (4) and (7) is o 
rerted to glucose 6-phosphate by reaction (8), catalysed by gluct 
phosphate isomeiase 


Lo 

HO-fi-ff 
H-C-OH ^ 
K-C-OH 
oyipo^, 

fniaoie e phoipheie 


H-^0 

h-Mh 

h-(!-dh 


Glucoie e-phosphate 


't* '» <k« fa J, ,o ,h. (p,r, 
regeneration of the startiniz maierLal oln,-..*.. l l " 

IS iWn dagrammaiically m rjcure*!! m.l T,w - a' 

In this sebeme, the reactions caLvse.lJr 
ttansaldolase,(S>.<«)andm src InA^vt^.e^. ^ 


glucose 6-phosph3te — plycetaljehyde 3 phosphate -f 3 CO 
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Itiblt 19 I he component reactions of the pentose phosphate cycle and their quantitative relations 


(1) 

3 glucose 6-phosphatc -1- 3 NADP 

(glucose 6-pbosphatc dehydrogenase) 

3 6-phosphogluconatc -f 3 NADPH, 

(J) 

3 6-phosphogluconatc -f- 3 NADP 

(phosphogluconate dehydrogenase) 

3 ribulosc 5-phosphate -h 3 CO, -i- 3 NADPh 

(3) 

ribulosc 5-phosphatc 

(riboscphosphaic isomcrasc) 

ribosc 5-phosphatc 

(4) 

2 ribulosc 5-phosphatc 

(ribulosephosphatc 3-eplmcnise) 

2 xylulose 5-phosphate 


(5) 

(«) 

(7) 


ribosc S-phosphatc 
-1- xylulose S-phosphate 

sedohcptulosc 7-phosphatc 
+ glyccraldehydc 3-phosphatc 

xylulose 5-phosphatc 
-i- crythrosc 4-phosphatc 


(8) 2 fructose (J-phosphate 


Sum glucose 6-phosphatc + 6 NADP 


(transkctolasc) 


(transatdohsc) 


(transkctolasc) 


(glucoscphosphatc isomcrasc) 


sedohcptulosc 7-phosphate 
+ glyccraldehydc 3-phosphate 

fructose 6-phosphatc 
-f crythrosc 4-phosphatc 

fructose 6-phosphatc 

-(- glyccraldehydc 3-phosphate 

2 glucose 6-phosphatc 


3 COj -f glyccraldehydc 3-phosphatc 
+ 6 NADPH, 


Fig. 1 1 Diagram of the pentose phosphate cycle 

Starting materials and end-products ore shown enclosed. P •• phos- 
phate. The crossing arrows indicate transfer reactions. Foe further 
details see Table 19 and the text. 



Fig, 12 Complete oxidation of glucose 6-phosphatc via the pe; 
tosc phosphate cycle and additional reactions catalysed t 
triosephosphate isomcrasc, fructosediphosphate aldobs 
hexosediphosphatase and glucosephosphate isometase 

The first step shown in the diagram (conversion of glucose f-p.'s* 
phate into glyceraldehyde phosphate -P 3 CO,) represents th: sc 
of the reactions shown in Table 19 and Figure 11. P •• phosykss 



The glyccraldehydc 3-phosphate thus formed docs not, however, 
accumulate in the organism. It can be converted into pyruvate and 
acctyl-coenzyme A and undergo complete oxidation. Alternatively, 
if triosephosphate isomcrasc, fructosediphosphate aldolase, hex- 
osediphosphatase and glucosephosphate isometase arc present, the 
following sequence of reactions can occur ; 

glyccraldehydc 3-phosphatc dihydtoxyacctone phosphate (9) 
glyceraldehyde 3-phosphatc 

-f dihydroxyacctonc -> fructose 1,6-diphosphatc (10) 

phosphate 

fructose 1.6-diphosphate fructose 6-phosphatc 

-fHaO -fHjPO, (11) 

fructose 6-phosphatc -t- glucose 6-phosphatc (8) 


Glucose 6-phosphatc would thus be formed from two molecules 
glyceraldehyde 3-phosphatc, and could re-enter (and be oxidized 
) the pentose phosphate cycle. Reactions (l)-(ll) repeated several 
ncs would therefore result in a complete coiubustion of glucose 
ahosphatc. This concept, which rests on the demonstration of all 
c required enzymes in liver”, is illustrated in Figure 12. 


f 1 

Physiological significance of the oxidative pentose phosphoU I 

oxidative pentose phosphate cycle is not a major source ot te ^ | 
Its function is probably twofold: to supply (1) pentoy f | 
required for the synthesis of nucleic acids, and (2) reaucej | 
required as a source of hydrogen in many reductive j 

Quantitatively, the most important reductive synthesis m • ; 

tissues is tlic formation of fatty acids from carbohydrates, a } 
is in accordance with the fact that the activity of the j 

pentose phosphate cycle is particularly high at the silt; { 
genesis, for instance in the lactating mammary gland an i i j 
tissue’^. f 
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Glucuronic acid and Iduronic acid 



i>-Clijnin>aic acid i-Iduronic khI 


D-Glucutomc icij and t-iduronicacidiK eomponeftttofmuco- 
polyiacchandes, luch at the chondtoitin sulphatei Glucuronic 
acid u alio a coupling agent in detozjcation reactionr It couples 


and vith bile pigtnenia* 

The reactire form of glueuronic acid in the cooiugation reac- 
tioni, in the iTnthetis of tnucopolysieehuideaandmthemiercon* 
Tenion of glucuronic and iduronie aeids ii UDP-glucuromc acid- 



Thii arne* from glucoae by «he following reienona' * 
glucose + ATP glucose 6-phosphate + ADP 

glucose 6-phosrhate -♦ glucose 1-phosphate 

glucose 1-phosphatc + VJTP -* UDP-glucose + pyrophosphate 
UDrjteou-HNAD 

The synthesis of conjugated glucuionide may be reptwented as 
illows* 


tnosfctofthe amido group of glutamine. The ammo sugar i 
acetyUted by an enzymatic reaction inTolring acetyl-coenzyi 
fructose 6-phosphate glucosamine 6-phosphate 

+ glutamine + glutamic acid 

glucosamine 6-phosphate Macetylglucosamine $-phosf 
+ acetyl'coenzyme A -f- coenzyme A 

The sugar W-acetylglucosamine is converted to iV-acetylma 
amioe, which is then phosphorylated with ATP to yield i 
phosphate derivative. This reacts with phosphoenolpyruv 
yield a sialic acid 



R--CH(DH)-CH{0H)CH 


^"AwiyltnaonossnuAC Phoiphoenol- A^-Acctylneurami. 

<-pliosf>tuite pyruvite acid 9-phosphate 

(a static acid) 


Biosynthesis of L-fucose in mammalian tissues ’ 
t*Fucose IS formed from fructose 6-pho5ph3te by the foil 
senes of reactions (R GDP residue) 



wFructese 6 phosphate D-Mannose 6-phMpKi(e P-Mannosc 1-ph 



CDP-o-mannoie GDP-4-keto-6> GDP-4>ltce-6 

deozy-i>>tninnose deozy t-galiet 


iwini, 



CDP L fucoae 


I'DP glueuronite ► ROH - 

»h«e ROII iianaJcohoIicor phenolic compound, or an aromatic 
•aiboiybc sciJ 

I DP-glocuronic acid is convetted lo utidmedtpbosphoiduronic 
iciJ by in epimeraie that stiacki the S-posiiton of the sugar smg 
MAD acts catalytieallya 


*tR.T.CVf»T 


oa.t/rii 


Ad id , Oupimn «c llall.l 


■'BiiUNGitiJ /^Irwy.tS. 774(1957) 

A NTSOMtNcia « il / -e-n !*«•/», 76, «41l (1954) 

‘ I stoasoN aivi D syrosov. / *../ O- . 237. 635 (1942). 

'xint «vl 3,1J.5M(I«54 ).$to 

lltTTOJ £.«4r»/, 59,179(195!' 


Formation of glucosamine and rebled ammo augars 
(.lucosarrine. mannotamine, and their N-acttyl derivatives. 
«ell as sulic acid, occur m bpids. polyuechaiides and tin 
proteins Ctueosan'ine is formed from fructose 6-pbosphm 


Incotporation of L-fucose into millc oligosaccharides and pi 
glycoproteins is vm GDP-i.-fucQ$e. 
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I'ormivtion niul titili>:nt!on of iKxosamincs and Af-acctylneu- 
r.unlnlc acid In mammals 

The followinf' scheme illustraics the manner in which these 
amino supars ' ate formed and utilized in the mammalian organism; 


llDP-MAcctyl- i- 
galaclosaminc 


Prucioic 6-pliospliJtc 

Y^Glutaminc 

11,6-^ i/^Glutamlc acid 

Glucosamine 6-pho5phatc f ^,j.p 

Acetate i-^ ^^r^Acctyl-CoA''^ Glucosamine 

jV-Acctyl(>Iucosamiiic C-pIiospIiatc 

I ^\4-ATP 

A/-AcctylgUicosaminc 1-pliospliatc \ 

+ DTP AAAcctylglucosaminc 
-UDP-A/-Acctylglucosaminc 

''+ATP 


Mucopolysaccha. 
tides of connec- 
tive tissue 
Epithelial mucins| 
Scrum glyco- 
proteins 
Gangliosidcs 
Blood group 
substances 
Milk oligo- 
saccharides 


A/’-Acctylmannosaminc*' 

+ ATP 

A/-Acctylmannosaminc 6-phosphatc 

-1- Phosphopyruvic acid 
A^-Acctylncuraminic acid 9-phosphatc 


A^-Accty!ncucaminicacid— tA/-Acetyl- + Pyruvate 
I mannosaminc 

-bCMP 


CMP-A/-Acctylncuraminic acid 
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Extension of carbon chains by carbon dioxide fixation 

An important link in the building-up of the carbon skeletons of 
cell constituents is the addition of COj to pyruvate. There arc at 
least two COj-fixation reactions in animal tissues by which 4- 
carbon chains arise from pyruvate. The first ' is catalysed by the 
‘malic’ enzyme; it requires reduced NADP and leads to L-malicacid: 


CO 2 

+ 

CH, + 
I ^ 

CO 

I 

COOH 

Pyruvic 

ncid 



L-Malic acid 


The second reaction requires ATP and consists of the carboxyl- 
ation of pyruvate to oxaloacetate, catalysed by the enzyme pyruvate 


_i 1— 


% r 

CO -k AIP d- CO 2 1 -I- adp P 

loOH f 

COOH 

Pyruvate Oxaloacetate 

Doth reactions rc.adily occur in liver tissue and also else; 
They arc reversible. The malic and oxaloacetic acids forme 
enter the tricarboxylic acid cycle and form citrate and a 
glutaratc. 
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Fatty acid synthesis 

Acctyl-cocnzymc A formed from carbohydrate or amino a 
if not required for energy supply or special biosynthescs, a 
converted to fatty acids. Most of the acctyl-cocnzymc A is fot 
within the mitochondria, but the synthesis of fatty adds is ant 
mitochondrial process ' . Acetyl groups must therefore be dive 
from the mitochondria to the cxtramitochondrial space. Thi 
quires a special mechanism since acetyl-coenzymc A as such cai 
dilTusc into or out of the mitochondria 2 . The acetyl group is p 
ably transferred as follows 7; 


Forsnatiots of citrate (mlramilocliostdrial) 



COOH 

COOH 

1 


CH, 

1 

CHj 


1 ’ 

CO -k 

CH. 

1 ^ 

CO 

1 

COOH 

1 

-♦ HO-C-COOH 

j 

+ HS-R 

S-R 

CH, 

1 ^ 

COOH 

Cocn2)'r7is A 

Acctyl- 
cocnzymc A 

Diffstsiost 

Oxaloacetate 

Citrate 


Intramitochondrial citrate -y cxtramitochondrial citrate 


Cleavage of citrate ( extramitochottdrial) 


I 

ft 

HO— COOH -k HS-R + ATP 

ft 

COOH 

Citrate Coenzj-me A 


COOH 

CH, I 

I CH 

•CO -k r-k AOP + Ortho- 
I CO phosphi;* 

S-fl I ‘ 

COOH 

Acetyl- O.valo- 
cocn- .acetate 
zyme .\ 


It is to be noted that reactions ( 1 ) and (3) arc catalysed by di Ay, 
enzymes''. Reaction (3) is followed by the carboxylation or 
coenzyme A to yield malonyl-cocnzyme A®: 


Acetyl-coencpcnie sA carboxylase reaction 


CH, 

I ^ 

CO + HCO; + ATP 1 

1 ^ 

S-R 

Acctyl- 
cocnzymc A 


COOiH 

1 

I -1- AOP -k Orthophosph*" 

CO 

I 

S-R 

Malonyl- 
cocnzyme A 


The enzyme catalysing this reaction contains biotin and ^ 
citrate as an activator. Acctyl-cocnzymc Aand uialonyI-cO’^^yj^,,;„. 
then condense and arc reduced according tothc toilowing- 
mctric equation ^ ; 

acctyl-CoA -f 7 malonyl-CoA p.almitatc -)■ 7 CO.-v 
J-14NADPH. 14 NADP-rRCoA 
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aaion IS catalysed by a cytoplasmic enryme complex' con- 
of at least 6 ot 7 different kmdsof protein; these are tightly 
together in yeast and pigeon liver but readily dissociableu 
ind several plant systems. An ’acyl carrier ptotein* (ACP) 
n isolated ftomi? (eh which binds acyl intermediates duting 
mation of long-chain fatty acids. ACP contains one free 
dryl group per molecule, derived from 2-mcrcaptoet'hy)- 
which binds the acyl derivative to form a ihiocstet'.Thc 
ual steps of the fatty acid synthesis in E.tah are as follows 


■1 S CoA -I- ns ACP 
>nyl S CoA -f ns ACP 
dSACP-hmalonylSACP- 


acetyl S ACP 

-i-ns CoA 

malonyl S ACP 

■ + ns CoA 

acetoacetyl S ACP 
4- nS ACP + CO, 


(Sa) 

(Sb) 

(Jc) 


S ACP + NADPll. .. ^fs ACP + NADP 


hydroiybutyryl S ACP -* croton)! S ACP + 11,0 ($e) 
onyl S ACP + NAOrn, -* butyryl S ACP + NADP(Sf) 
^ryl S ACP then undergoes eondensationuithartotbefinole- 


nityl S ACP + HS CoA -*■ palttutyl S CoA + ACP (Jr) 
! palmiiyl ptoup of palmityl CoA may then be hydrolysed to 
;ate or transfetteJ to a-glyetrophosphite tnd related com- 
Is 

s) ()), (4) and (S) of this process are summatired in figute 13 


f Tatty acid synihesis ftom citrate 

< 4 )CiinncInvtge tiuyme (») Ac«nl roenrjme Arsiboiyliw 
(jctivstrd by ciitiK) (Ol «)'"« 




W(IV61) ,, , 

*Vane and 'Oi'AXii, / he/ dim , 238. V (1963). Vacpios ei »l , > 
Clr« , 238^*35 (1963) 


Formation of leeiihin and cephalm 
The aynthesis of lecithin in animal tissues from fatty acids, 
erophosphite and choline requires the participation as cofaettr* 
ATP, coenzyme A and cytidme itiphosphate. 



The intermediary stages of the synthesis ate as follows. 
{a) ’Aetivation’ of fatty acids ' • 

flCCKH + ICff 4 itP • llCOSFr+ AMP +pytephDipl 

r»tfy Coen- Aeyl- 

•oJ rymeA foenrytneA 

(*) ‘Activation’ of eholine by choline kinase* 

»t"(oyj ^ ?V(c«>)3 . 

CH^ CHjfi PO,H, 

Ool'ne Phosphecholitii 

(r) 'Activation' of phosphocholine*- 

cyiijine ftiphosphate eytidine diphosphoeholme 
V ^os^tioCndime + pyrop'nosp'nate 
{J) Sjnthesisofphosphatidicaeid*- 

ffcosn 


{T 

oyiWjK, 


CHjDCOR- 

(hOCO)!* 


Fhoipbatidic 


W Dephosphorylation of phosphatidie acid*. 

phosphitidic acid i>-«,0-djgI)cetide 4- phosphate 
(/) Synthesis of leciihin*. 

cytidtne diphosphoeholme lecithin 
+ i>-a.&-diglyeeride “*■ -f. cytidme monophosphate 
(g) Rephosphorylation of cytidme monophosphate^ 
cyndine^ophosphate cy tidme triphosphate 
-1-2 ADP 


4 2 ATP 


^7 analogous reactions, choline bei”8 
replaeed by ethanolamine (HO CH, CH, NH,) 


594 M 
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Fornintion of fi-lRlyccrldc ’ 

The syntlicsis of triRlyccridc requires a-glyccrophosphatc. Two 
molecules of fntty ncyl-cocnzymc A condense with a-glycetophos- 
ph:ttc to form phosphatidic acid, and then diglyceridc, as described 
in the previous section. The final step is the reaction of diglyceridc 
with another molecule of fatty acyl-cocnzymc A to fornt triglyceride: 


CHjOCOff 


a-ocon' 


Clio con" -1- 

j 

ncO'S-n 

1 Clio con* 

+ HSC 

CHjOll 


ciiyocon 


niglycctiilc 

Fatty acyl- 

Triglyceride 

Coen- 


coenzyme A 


zyme A 

References 
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Biosynthesis of cholesterol' 


Cholesterol is by far the commonest sterol of the animal king- 
dom, though related sterols, notably A’-stcrols, arc found to 
predominate in some primitive molluscs and starfish. Cholesterol 
is synthesized in almost all vertebrate tissues but most actively in 
the liver, intestine, adrenals and gonads. Synthesis docs not take 
place in erythrocytes, and is reduced to extremely low levels in 
nerve and brain after myclination is completed. An important 
function of cholesterol is as a component of cell membranes and 
subccUular membrane structures, in which it is associated with 
phospholipids, glycolipids and proteins. The most likely type of 
interrelationship of these diifcrcnt components in membranes has 
been deduced from studies of the structure and composition of the 
myelin sheath and the erythrocyte membrane. 

The rate of endogenous cholesterol synthesis is variable and in 
man has been estimated to range between 0.5 and 2 g per day^’. 
The principal catabolic pathway for cholesterol is conversion to 
bile acids by the liver 2^. Some intact cholesterol leaves the body 
by excretion into the bile and some by direct loss through the in- 
testinal wall and faeces. In the intestine some cholesterol is me- 
tabolized to coprostcrol and coptostanone. A small proportion of 
the total cholesterol synthesized functions as a precursor of the 
steroid hormones of the adrenal cortex and of the steroid sex hor- 
mones. 

The pathway of synthesis of cholesterol'’-'' has been studied 
primarily in the rat. Certain important reaction steps® have been 
studied in vitro with enzymes isolated from yeast, which synthe- 
sizes the related sterol, crgosterol. All the evidence assembled so fat 
points to a unified mechanism of synthesis for the basic structure 
of all sterols.The sterols of plants (c.g., P-sitosterol) and fungi (c.g., 
ergosterol) differ from cholesterol in having extra carbon atoms in 
the side chain. These carbon atoms arc added at a late stage in the 


synthesis by a mechanism so far not completely elucidated®. 

The individual steps in the biosynthesis of cholesterol as under- 
stood at present arc as follows (Fig.l4 opposite): 

The molecule is built up from acetate units which condense in 
the form of their coenzyme A derivatives; the first condensation 
yields acetoacetyl-coenzyme A (I), the second involves the further 
condensation of this compound with a third acetyl-coenzymc A 
molecule to give hydroxymethylglutatyl-coenzymc A (U). For sev- 
eral years it was recognized that by some mechanism this product 
must yield a five-carbon ‘isoprenoid’ fragment which forms the 
basis of the sterol structure, but it was only with the discovery of 
mevalonic acid (III) and the subsequent study of its conversion 
to sterol’’ that the details of this mechanism could be clarified. 
Hydroxymethylglutary 1-coenzyme A (11) is now known to be re- 
duced by an NADP-dependent enzyme system to mc'valonic acid 
(III). The occurrence of an aldehydic intermediate in this reduction 
is not certain. Mevalonic acid next undergoes at least two sequen- 
tial phosphorylations yielding in turn mevalonic phosphate (TVO 
and mevalonic pyrophosphate (V), the phosphate group at each 
step being derived from a molecule of ATP. A third molecule of 
ATP is consumed in the next reaction, in which mevalonic pyro- 
phosphate (V) undergoes both dehydration and decarboxylation to 
Lpentenyl pyrophosphate (VII)®. This transformanon i^obably 
involves the intermediate formation of the triphosphate 1), but 
this compound has not been identified. . u » zirni m 

An isomerase converts the isopentenyl pyrophosphate 0 H) to 
its dLethylallyl isomer® (VIII). and a condensation reaction be- 


tween dimethylallyl pyrophosphate and isopentenyl pyrophospbti 
now takes place to give geranyl pyrophosphate (IX), This com 
pound in turn condenses with a further dimethylallyl pyrophos- 
phate molecule to give farnesyl pyrophosphate (X). Each ot 
these condensations takes place with elimination of the pyrophos- 
phate group as the inorganic ion and the formation of a new double 
bond lying in the main chain allylic to the remaining pyrophos- 
phate group. The steps probably involved in the first of these re- 
actions arc shown (VII -h VKI). The second condensation (K-b 
Vlll) follows by an analogous mechanism. 

In some manner as yet undetermined, two molecules of famesjl 
pyrophosphate condense to form the C,,, triterpenoid hydrocarboa 
squalcnc (XI). This condensation is known to involve stereo- 
specific addition of hydrogen from reduced NADP”. Squalen: 
now undergoes a series of ill-defined cyclization and rcartangemea; 
reactions ending in lanostcrol'’ (XII), with 2,3-oxidosqualencas 
intermediate 

Comparison of the structures of lanosterol (XII) and cholesterol 
(XIX) shows that the remaining biosynthetic steps must involve 
the removal of three methyl substituents from the 4a-, 4p- and 14i- 
positions of lanosterol. Other necessary changes ate the saturation 
of the double bond in the side chain and the conversion of the i’- 
to the A’-nuclear structure. The three ‘extra’ methyl groups ap- 
pear to be removed prior to the other changes in the molecule. In 
the pathway operating in the rat, the 14a-methyl group is removed 
first'-’ and the two methyl substituents in position 4 are then re- 
moved in turn. The carbon atoms detached from the nucleus in 
these reactions arc converted to COj’'* and the oxidation of each 
methyl to a carboxylic acid group seems likely to occur in each 
case. The final decarboxylation step is thought to be facilitated in 
the case of the 14a-mcthyl group by the proximity of the A'-bond 
and in the case of the C, -methyl groups by the transitory oxid.ition 
of the 38-OH group to a ketone. Evidence for the latter step is the 
fact that the loss of the 4a-mcthyl group takes place with exchange 
of the 3a-hydrogcn atom (demonstrated with 3a-tritium labelled 
substrates) '®. 

The dcmethylation steps, if they occurred with no other changes 
in the molecule, would lead to the formation of A'-"-choIc5ta- 
dicno!-(38) (zymosterol) (XV). This compound is kriown as a 
minor sterol of yeast and evidence for its participation in the bio- 
synthesis of cholesterol in the rat has been given'®. The steps in- 
volved in the conversion of the A*-structure of zymosterol to the 
A’-structure of cholesterol are still tinclcar at many points. It seems 
likely that the A'-bond is shifted to A’ by some ‘direct’ mechamsni 
involving hydrogen transfet.Thc conversion of A’-cholestcnoKap) 
to cholesterol probably takes place via the A'-'-derivativc ” 
known to requite oxygen, but the participation of a 6-hydroxyiatee 
derivative has not been demonstrated. 

It has been suggested that in rat liver the conversion of zymw- 
terol to cholesterol takes place via the A'-"-, A’-'-”- and A’’ - 
intermediates (XVI-XVTII) respectively, with the final step m n- 
biosynthesis of cholesterol involving reduction of the A"-bond • • 

The A'-'‘-stcrol dcsmostcrol (X'Vlll), known to occur naturally la j 
trace amounts in adult mammalian tissues ’ ’ and in larger araour.K i 
in embryonic chick tissues '®, accumulates in the liver of rats tre-im . 

with the anticholestcrogenic drug triparanol '®. However, thequ-s i 
tion of whether the A’*-bond is renamed until the last step m ee® j 
Icsterol synthesis must be regarded as unsettled at the presem tim:- i 
Evidence presented by several laboratories indicates that all the con , 
versions from lanosterol onwards can be accomplishccl by cnrjm:^ - 
of rat liver with substrates in which the A“-bond is cither l 

or absent. Moreover, normal rat skin contains a complex ! 

of sterols with a saturated side chain but with nuclear 1 

representing nearly all the possible stages in the conversion o - j 
ostcrol to cholesterol. Triparanol treatment leads to the i 

tion of the A'‘-an3logucs of all these compounds in the skin ; 

is possible that there are differences between tissues that • 

whether cholesterol biosynthesis takes place predominantly vii 1 
A"-scries of compounds, including dcsmostcrol (XkTII)- or I 

scries of analogues in which the side chain is saturated, but u c j 
it is necessary to envisage the process as ocairring by one or | 
other of two mutually exclusive pathways is not clear. i 
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/g. U D/osjnihcji* of choJcsferoJ 


Acetojcctyl-toeniydie A 


CHjCOOH 

CHji-m 

WjCOSfi 


01,C-CH 

^COOH 


11 UydroijtmcthjrlglutirjI-cocnifAwA 111 MmlonuraLiil 


CHjCffjOi® 

CHji-OH . 

W,-COOt1 

IV Mevalonic phosphate 


CH,CH,0A-A 

■ ^jCHjOAA' 

|~&tl 

CHjIj-OA 

CMjCOOH 

CHjCOOH . 


01, CH.OW/’A CH, XHCH.O/>A 

^i" ' — — Y 

CK, +05, £Hj 


V Mevalonic pytophoiphi 


VI Mcvilonic mplMnphate 
(hypoihetical intctmediate) 


Vn Iwpemenyl pyrophoAphile VIII Dimeihylillyl pytopho 



CH, mcHjOff 


Y 


CH, Oil 


+ 

+ «•• 




IX Ceriny! pyfophoaphate IX Ceranyl py»ppho»phaie 


ptolxble mechinism of eonJentaiion 
of Hopentenyl pytnpKotphaie *iih ilimefhytallyl pyfOpho*ph»ie 


VIII Dimeihylaltyl py'oplyoi 


X 

pi, men, 

Y 

Cn, X liinoflp 


;■ i, 



Xi S^valene 






XV Zymosterol 
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Biosynthesis and metabolism of steroid hormones of the 
adrenal cortex and gonads (for references see page 430) 

The normal adrenal cortex produces a wider variety of steroid 
hormones than either the ovary or the testis'. Besides producing 
eight Csi-stcroids of known structure and proven ‘corticoid’ ac- 
tivity, it also produces many Q, -steroids of unknown physiologi- 
cal activity ns well as progesterone, the oestrogens and the andro- 
gens of the C),Oj- and CuOa-scrics Adrenal androgen forma- 
tion® is at present more fully documented than the formation of 
adrenal oestrogens, and the pathway of testicular androgen forma- 
tion appears to be clearly represented in the adrenal cortex. It is 
therefore convenient to outline the pathways of androgen synthe- 
sis together with the pathways of synthesis of Cji-steroids in a 
single scheme (Fig. 15), since these two aspects of steroid metabo- 
lism arc closely interlinked. The oestrogenic steroids arc further 
transformation products of the androgens and arc more conve- 
niently discussed separately (see page 430). The adrenal cortex, the 
testis, the ovary and the placenta are all capable of synthesizing 
their characteristic steroid hormones from acetate via cholesterol 
and pregnenolone, and it seems likely that most of the biosynthetic 
reactions involved in the synthesis of all classes of steroid hor- 
mones ate possible in all the above-mentioned organs. However, 
it is not certain to what extent the hormones secreted normally in 
vivo ate formed from acetate, from blood cholesterol or from 
steroid precursors synthesized in the adrenal cortex. 

The Cji-cotticoids have profound effects on carbohydrate and 
protein metabolism (‘glucocorticoid’ activity) and on sodium and 
potassium metabolism (‘mineralocorticoid’ activity). Most of these 
compounds exert effects of both types with one or the other pre- 
dominating, according to their chemical structure. The more pow- 
erful glucocorticoids are those having oxygen functions at both 
C-11 and C-17. The glucocorticoid action of the human adrenal 
is considered to be accounted for almost wholly by the cortisol 
(hydrocortisone) it produces, since this is both the most potent 
naturally occurring steroid in this respect and also the most abun- 
dant product of the adrenal cortex in man. Corticosterone, the most 
abundant corticoid of the rat, has a less powerful glucocorticoid 
action. It is now clear that a portion of the cortisol or cortico- 
sterone output of the adrenal is in a protein-bound form in the 
blood®. It seems probable that the unbound portion is to be re- 
garded as the physiologically active form, and various factors (for 
instance oestrogen levels) affecting the degree of protein-binding 
of the glucocorticoids may therefore exert important effects on 
their physiological function. The most potent hormone in thc 
regulation of salt metabolism is aldosterone, a quantitatively minor 
product. Deoxycorticosterone has a much smaller but still detect- 
able effect on s.alt metabolism. For further discussion of the adreno- 
cortical steroids see pages 742 sq. 

Figure 15 shows the most probable routes of biosynthesis ot the 
physiologically active C-, -steroids of the adrenal and depicts the 
main pathways leading to the androgens testosterone, A‘-andros- 
tenedione, dchydroepiandrostcronc, 1 1 3-hydroxy-A‘-androstcne- 
dionc and A‘-androstene-3,ll,17-trione (adrenosterone) All these 
C -steroids may arise in the adrenal but the last two, having 11- 
oxygen functions, ate probably specifically products of the adrenals 


Testosterone is certainly the principal androgen of the testis bj 
probably is formed in only trace amounts in the adrenal. Both th 
testis and adrenal give rise to some A‘-androstcncdione and dc 
hydroepiandrosterone (sec page 751). 

The pathways outlined in Figure 15 arc largely based onevideaa 
from ill vitro work with adrenal and testis tissues, but the evidena 
of in vivo studies in man is consistent with the operation ofthes: 
pathways. There is an extensive literature on steroid biosynthesis 
and metabolism in the adrenals and gonads in pathological states, 
especially in various types of tumours of these tissues and in ab- 
normalities having a genetic basis. The major genetic abnormali- 
ties arc briefly considered below, but metabolic studies trith 
tumour tissues will not be discussed, though it should be noted 
that they frequently show abnormal biosynthetic patterns sug- 
gested by the symptoms to which the tumours give rise (for 
instance masculinizing adrenal tumours produce androgens; femi- 
nizing tumours produce oestrogens). Since such findings most 
probably represent an exaggeration of the normal biosynthetic 
potentialities rather than the addition of totally new features they 
provide valuable clues to the normal pathways of synthesis. 

The Cji-steroids of the adrenals can all be derived from choles- 
terol via 20a-hydroxycholcstcrol and 20a,22q-dihydroxycholes- 
terol. In the adrenals, the first identifiable C-i-stcroid, pregnenol- 
one, is mostly converted via progesterone into the more higWy 
oxygenated Cji-corticoids. A minor pathway for pregnenolone b 
both the adrenals and testes involves its conversion to ITi-by- 
droxyprcgnenolone, which serves as a precursor of the weak m- 
drogen dchydrocpiandrosteronc. The conversion of progesterone 
into the C,i-corticoids takes place mainly by one of two divergecl 
pathways depending upon whether hydroxylation takes place first 
at the 17a-position (giving 17a-hydroxyptogcstctonc) or the 21- 
position (giving deoxycorticosterone). Most of the data indfaic 
that hydroxylation at C-17 proceeds more readily in the absence 
of the 21-hydroxyl group’’. Both deoxycorticosterone and I'J- 
hydroxydeoxycorticosterone may undergo hydroxylation at the 
llP-position giving respectively corticosterone and cortisol, whicr. 
on further oxidation at C-11 yield minor amounts of two furtho 

physiologically active substances, ll-dchydrocorticostcrone ar.a 
cortisone. The pathway to aldosterone is still not clear, but its for- 
mation from deoxycorticosterone by hydroxylation at C-IS to L- 
hydroxycorticostcrone and subsequent oxidation has been demw- 
strated. Other synthetic pathways are also possible®. Thcmccw- 
nisms by which aldosterone and cortisol output arc controlled (sw 
page 430) are markedly different and in this connection it is pro- 
ably significant that aldosterone secretion seems to be almost a- 
elusively confined to the outer zone (zona glomcrulosa) of the cot- 
tc.x, cortisol secretion to the inner zones. 

Further metabolism of C-i-steroids and the formation of aiidropir.!. 7''’’ 
physiologically active cotticoids showm in Figure 15 undergo ’ 
multiplicity of further transformations, both in the adrcml iW | 
and in other tissues, notably the liver and sex gl.inds. It d 
known at present whether these transformations are rebted to t - j 
hormonal function of these compounds. The catabolic i 

may be classified into four principal groups: oxidative dcgrad.uio- , 
hydroxylation, reduction and conjugation. 

Oxidative degradation. The cleavage of the side chairi in the 
steroids having the 17a-hydroxy-20-kcto grouping is | 

route by which the androgens arise in the testis, ovary .and .a rcm.' > 
as it is in the liver in the course of inactivation of the blood cc. j 
coids. It is bcc.ausc this cleavage reaction occurs in the liver i 
17-kctostcroid excretion may be taken as a rough index or a rc.^ ^ 

cortical activity (see page 747). Dehydrocptandrosteronc j 

formed in the adrenal by cleavage of the side chain of j 

pregnenolone® and possibly of 17ot,20a-dihydroxycholcs.c. , 

Both these reactions probably occur in the testis .al.'o, u > 
major precursor of testosterone in the testis is propcs ; 

which is degraded via its 17a-hydroxy derivative. A j 

sible route from progesterone to testosterone involves ’ * 
oxidation to testosterone acetate. This reaction h.is been o „ i 
microbiologically '® and there is some evidence for its o-i-u | 
in humans. j 

Hydroxylation^, ■*. Besides the hydroxylations at C-I I, | 

and C-21 leading to the formation of the active j 

adrenal cortex is also able to hydroxylatc steroids f,,,, v 

and C-i-scrics at the da.-, and lO-positions. Hydroxy ^ f 

C-6 arc also known to occur in rat liver, and the guine.i-pip- 
converts cortisol to 2ct-hydroxycortisol. Urinary stcrom t j 
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Biosynthesis and metabolism of steroid liormoncs of the 
adrenal cortex and gonads (for references sec page 430) 

The normal adrenal cortex produces a wider variety of steroid 
hormones than cither the ovary or the testis'. Besides producing 
eight C-i'Steroids of known structure and proven ‘cotticoid’ ac- 
tivity, it also produces many Cn-stcroids of unknown physiologi- 
cal activity ns well as progesterone, the oestrogens and the andro- 
gens of the Cj.Os- and Ci,03-scries2-<. Adrenal androgen forma- 
tion® is at present more fhlly documented than the formation of 
adrenal oestrogens, and the pathway of testicular androgen forma- 
tion appears to be clearly represented in the adrenal cortex. It is 
therefore convenient to outline the pathways of androgen synthe- 
sis together with the pathways of synthesis of Cji-steroids in a 
single scheme (Fig. 15), since these two aspects of steroid metabo- 
lism arc closely interlinked. The oestrogenic steroids arc further 
transformation products of the androgens and ate mote conve- 
niently discussed separately (see page 430). The adrenal cortex, the 
testis, the ovary and the placenta arc all capable of synthesizing 
their characteristic steroid hormones from acetate via cholesterol 
and pregnenolone, and it seems likely that most of the biosynthetic 
reactions involved in the synthesis of all classes of steroid hor- 
mones arc possible in all the above-mentioned organs. However, 
it is not certain to what extent the hormones secreted normally in 
vivo ate formed from acetate, from blood cholesterol or from 
steroid precursors synthesized in the adrenal cortex. 

The Cji-corticoids have profound effects on carbohydrate and 
protein metabolism (‘glucocorticoid’ activity) and on sodium and 
potassium metabolism (‘mincralocorticoid’ activity). Most of these 
compounds exert effects of both types with one or the other pre- 
dominating, according to their chemical structure. The more pow- 
erful glucocorticoids ate those having oxygen functions at both 
C-11 and C-17. The glucocorticoid action of the human adrenal 
is considered to be accounted for almost wholly by the cortisol 
(hydrocortisone) it produces, since this is both the most potent 
naturally occurring steroid in this respect and also the most abun- 
dant product of the adrenal cortex in man. Corticosterone, the most 
abundant cotticoid of the rat, has a less powerful glucocorticoid 
action. It is now clear that a portion of the cortisol or cortico- 
sterone output of the adrenal is in a protein-bound form in the 
blood®. It seems probable that the unbound portion is to be re- 
garded as the physiologically active form, and various factors (for 
instance oestrogen levels) affecting the degree of protein-binding 
of the glucocorticoids may therefore exert important effects on 
their physiological function. The most potent hormone in the 
regulation of salt metabolism is aldosterone, a quantitatively minor 
product. Deoxycorticosterone has a much smaller but still detect- 
able effect on salt metabolism. For further discussion of the adreno- 
cortical steroids see pages 742 sq. , . - . 

Figure 15 shows the most probable routes of biosynthesis of the 
physiologically active Cn-stcroids of the adrenal and depicts the 
main pathways leading to the androgens testosterone, A'-andros- 
tenedione, dchydrocpiandrostcronc, llp-hydroxy-A*-androstcnc- 
dionc and A*-androstcnc-3,ll,17-trionc (adrcnostcronc). All these 
Cie-stcroids may arise in the adrenal but the last two, haring 11- 
oxygen functions, arc probably specifically products of the adtena s 


Testosterone is certainly the principal androgen of the testis but 
probably is formed in only trace amounts in the adrenal. Both the 
testis and adrenal give rise to some A*-androstcncdionc and dc- 
hydrocpiandrostcronc (see page 751). 

The pathways outlined in Figure 15 arc largely based on evidence 
from in vitro work with adrenal and testis tissues, but the evidence 
of in vivo studies in man is consistent with the operation of these 
pathways. There is an extensive literature on steroid biosynthesis 
and metabolism in the adrenals and gonads in pathological states, 
especially in various types of tumours of these tissues and in ab- 
normalities having a genetic basis. The major genetic abnormali- 
ties arc briefly considered below, but metabolic studies with 
tumour tissues will not be discussed, though it should be noted 
that they frequently show abnormal biosynthetic patterns sug- 
gested by the symptoms to which the tumours give rise (for 
instance masculinizing adrenal tumours produce androgens; femi- 
nizing tumours produce oestrogens). Since such findings most 
probably represent an exaggeration of the normal biosynthetic 
potentialities rather than the addition of totally new features they 
provide valuable clues to the normal pathways of synthesis. 

The C.,-stcroids of the adrenals can all be derived from choles- 
terol via 20a-hydroxycholcstcrol and 20a,225-dihydroxycholcs- 
tcrol. In the adrenals, the first identifiable C-i-stcroid, pregnenol- 
one, is mostly converted via progesterone into the more highly 
oxygenated C.,-corticoids. A minor pathway for pregnenolone in 
both the adrenals and testes involves its conversion to 17o-hy- 
droxypregnenolonc, which serves as a precursor of the weak an- 
drogen dehydrocpiandrostcrone. The conversion of progesterone 
into the Csi-corticoids takes place mainly by one of two divergent 
pathways depending upon whether hydroxylation takes place first 
at the 17a-position (giving 17a-hydroxyprogcstcronc) or the 21- 
position (giving deoxycorticosterone). Most of the data indicate 
that hydroxylation at C-17 proceeds mote readily in the absence 
of the 21-hydtoxyl group 2. Both deoxycorticosterone and 17a- 
hydroxydeoxycotticosterone may undergo hydroxylation at the 
llfl-position giving respectively corticosterone and cortisol, which 
on further oxidation at C-11 yield minor amounts of two further 
physiologically active substances, ll-dchydrocorticosterone and 
cortisone. The pathway to aldosterone is still not clear, but its for- 
mation from deoxycorticosterone by hydroxylation at C-18 to IS- 
hydroxycorticosteronc and subsequent oxidation has been demon- 
strated. Other synthetic pathways are also possible®. The mecha- 
nisms by which aldosterone and cortisol output arc controlled (sec 
page 430) arc markedly different and in this connection it is prob- 
ably significant that aldosterone secretion seems to be almost ex- 
clusively confined to the outer zone (zona glomcrulosa) of the cor- 
tex, cortisol secretion to the inner zones. 

Further metabolism of Ci,-steroiets and the formation of androgens. The 
physiologically active corticoids shown in Figure 15 undergo a 
multiplicity of further transformations, both in the adrenal itself 
and in other tissues, notably the liver and sex glands. It is not 
known at present whether these transformations arc related to the 
hormonal function of these compounds. The catabolic rc.ictions 
may be classified into four principal groups ; oxidative degradation, 
hydroxylation, reduction and conjugation. 

Osidalive degradation. The cleavage of the side chain in the C,,- 
stcroids having the 17a-hydroxy-20-kcto grouping is the main 
route by which the androgens arise in the testis, ovary and adrenal, 
as it is in the liver in the course of inactivation of the blood corti- 
coids. It is because this cleavage reaction occurs in the liver that 
17-kctostcroid c.xcrction may be taken as a rough index of adreno- 
cortical activity (sec page 747). Dchydrocpiandrostcronc may be 
formed in the adrenal by cleavage of the side chain of 17-hydroxy- 
ptcgncnolone® and possibly of 17a,20a-dihydroxycholcstcro!®. 
Both these reactions probably occur in the testis also, but the 
major precursor of testosterone in the testis is progesterone, 
which is degraded via its 17a-hydroxy derivative. A second po.s- 
siblc route from progesterone to testosterone involves its direct 
oxidation to testosterone acetate. This reaction has been observed 
microbiologically '® and there is some evidence for its occurrence 
in humans. 

Hydroxylation^’ ■•. Besides the hydroxylations at C-11, C-17, C-lS 
and C-21 leading to the formation of the active C,, -corticoids. the 
adrenal cortex is also able to hydtoxylatc steroids of both the C,,- 
and C:i-scrics at the 6a-, 6(3- and 19-positions. Hydroxylations at 
C-6 arc also known to occur in rat liver, and the guinea-pig adfcml 
converts cortisol to 2a-hydroxycortisol. Ihinary steroids (both 

( crnth'.ed et pay ’tD) 
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Cl,- and Cji-) with 16a-hydroxy groups have also been isolated, 
and hog adrenal tissue is able to carry out hydroxylations at this 
position. 

Rtiluction. In general, the body tends to eliminate steroid hor- 
mones in the form of metabolites in which the A*-3-kcto system 
of ring A is totally reduced (Fig. 15). Theoretically, this reduction 
may lead to products having cither 3a- or 3P-hydroxy groups and 
the hydrogen atom at C-5 in cither the 5a- or 53-configuration. 
Actu.ally, almost all reduced metabolites excreted by man arc of the 
3a-hydroxy-53- (C,,; pregnane; Ci,: actiocholane) scries. Minor 
quantities of steroids of the 3a-hydroxy-5a- (Cn : allopregnanc ; C„ : 
androstane) series arc also excreted. Metabolism of steroid hor- 
mones by tissues of other speeies, in particular rat liver {in vitro) 
yields predominantly (but not exclusively) reduction products of 
the 5a-scrics having both 3a- and 33-hydroxy groups. Reduction 
of the A‘-3-kcto moiety apparently proceeds in stepwise fashion, 
the A*-bond being reduced first ” . Interesting sex differences have 
been observed in the intracellular distribution and overall concen- 
tration of A“-stctoid reductases in the rat'*. 

Conversion of the 20-keto group to a 20-hydroxy group is a 
further important catabolic reduction of the C-i-steroids and also 
follows a course in most in vitro tissue preparations stcrically differ- 
ent from that found in man. The product in vitro is generally a 
203-hydroxy derivative; that excreted by man is almost exclusively 
a 20a-hydroxy derivative. 

Conjugation and excretion. The steroid excretion products of the 
urine are present largely in the form of conjugates with glucuronic 
acid or with sulphate. Dchydroepiandrostcronc and androstcrone 
are present in the urine to a major extent as sulphate conjugates. 
There is evidence for the secretion of some dchydroepiandrostcronc 
as the sulphate'*. Some of this material may arise via a series of 
intermediates derived directly from cholesteryl sulphate'*', but the 
quantitative importance of this pathway remains to be established. 
Cortisone and cortisol are apparently excreted in the urine largely 
in the free form, but the majority of the C,i-metabolites arc ex- 
creted as 3-gIucuronides; the latter appear to arise primarily in the 
liver by a mechanism involving glucuronosyl transfer from uridine 
diphosphate glucuronic acid'®. It has been demonstrated that 
about 50% of the blood cortisol is in the glucuronide form'®. 

Pituitary eontroL The adrenal cortex is maintained in a normal 
functional state by the action of pituitary ACTH. Apart from this 
generalized influence on the metabolism of adrenal cortical tissue, 
ACTH also exerts a specific and immediate stimulating effect on 
the process of corticosteroid biogenesis. The precise point (or 
points) at which this influence is exerted is still in doubt. One 
important point of action is considered to be at a very early stage, 
probably in the conversion of cholesterol to pregnenolone'*. It 
has also been observed that ACTH stimulation can alter the ratio 
of the amounts of cortisol and corticosterone secreted, but such an 
effect does not necessarily imply intervention of ACTH in the later 
stages of biosynthesis '®. The mechanism of action of ACTH re- 
mains largely unknown at the present time despite intensive study”. 
For further discussion of this subject see page 717. 

Aldosterone. Aldosterone, the steroid hormone mainly respon- 
sible for controlling electrolyte balance, is unique in that it has an 
aldehydic group at C-18 and is synthesized in the zona glomcrulosa 
of the cortex. Aldosterone production has been demonstrated 
from a number of precursors but the major route is probably 
progesterone deoxycorticosterone — >■ corticosterone aldos- 
terone (Fig. 15). The major metabolic product seems to be tetra- 
hydroaldosteronc glucuronide*®. The 18-hydroxj’tctrahydrocotti- 
costerone found in human urine is a metabolite of 18-hydroxycor- 
ticostcrone and not of aldosterone*'. 

Since aldosterone output falls by only 30% after hypophys- 
ectomy ACTH would appear to have little effect on aldosterone 
secretion**. More important and more direct is probably the reg- 
ulation by the sodium and potassium concentrations and the e.xto- 
cellular fluid volume of the body. Angiotensin also plays an im- 
portant part** (sec page 741). 
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Biosynthesis and metabolism of oestrogens 
(For references see page 432) 

It is now evident that all the tissues active in the synthesis of 
steroid hormones arc capable of some degree of oestrogen synthe- 
sis. Under more usual physiological conditions the ovaries arc 
certainly the most active site of such synthesis, but their output is 
surpassed several hundred-fold by the placenta close to term. 

The oestrogens are Cis-stcroids in which ring A is aromatic, and 
there is now ample evidence for the biosynthesis '■* of these com- 
pounds from acetate via cholesterol, pregnenolone, progesterone 
and the C„-steroids, according to the scheme outlined in Figure 16. 
The aromatization of ring A evidently takes place via a Ci, -steroid 
intermediate in which the C-19 methyl group has been oxidized, 
though whether this intermediate has a hydroxylic or aldehydic 
oxygen function at C-19 has not been unequivocally established. 
The C-19 atom is released as formaldehyde*, a finding interpreted 
as indicating that oxidation at C-19 proceeds to the aldehyde stage 
prior to rupture of the C-10 to C-19 bond, as shown. Several other 
mechanisms could, however, yield the same end products. There 
is evidence that the aromatizing enzyme system has rather low 
specificity with respect to the structure of the molecule as a whole. 
Thus, both 6a- and 63-hydroxy-A*-androstcnc-3,17-dionc arc con- 
verted to the corresponding 6-hydroxyocstrogcns''. 

Intermediary metabolism of oestropens 

WTicn radioactive ocstronc or oestradiol-17B is administered to 
intact animals ot incubated with animal tissues the oestrogenic 
activity is rapidly destroyed; considerably less than half of the 
administered radioactivity can be recovered in the ether-soluble 
fraction even after hydrolysis of the excreta or the incubation mix- 
ture with acid or with enzymes which release the oestrogens from 
their known conjugated forms'-®. The nature of the oestrogen 
derivatives that resist extraction with ether in such experiments is 
entirely unknown, and this fact should not be overlooked when 
considering the significance of the work relating to oestrogen 
metabolism summarized in the following sections. 

When either ocstradiol or ocstronc is injected into a human 
subject, conjugates of the three steroids ocstriol, ocstronc and 
ocstradiol-173 appear in the urine in the approximate proportions 
45:45:10. The relative constancy of these proportions indicates a 
rapid equilibration of ocstronc and ocstradiol in the body tissues. 
The enzyme responsible for the interconversion in the human 
placenta has been studied extensively. It can utilize cither NAD or 
NADP as cofactor, a finding that has prompted speculation as to 
the mode of physiological action of the oestrogenic hormonp ®. 

During the past few years, scvcr.al other phenolic steroids be- 
sides the 'classical’ oestrogens - ocstradiol, ocstronc and ocstriol - 
have been isolated from various sources and have been character- 
ized chemically. Thus it is now clear that hydroxylation of ocstronc 
may occur at the 2-, 6-, 11-, 16- or 18-position. The interrelation- 
ships of these various compounds arc shown in Figure 16. Hydrox- 
ykation at the 2-po5ition is followed by mcthylation. Both reactions 
occur in the liver, and both 2-hydroxy- and 2-mcthoxyoc.stronc 
m.ay be eliminated in the urine. The mcthylation reaction is c.ita- 
lyzcd by an 0-mcthyl transferase which, like other O-methyl trans- 
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Fig. 16 BiosyntheJu »ncl metabolism of oestrogens 
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16a-hydroxyocstronc^. Very small amounts of 17-cpiocstriol ate 
also formed. 16P-Hydroxyocstronc is a further product, but on en- 
zymic reduction gives 16-cpiocstriol with 16,17-cpiocsttiol as a 
minor product. 18-Hydroxyocstronc occurs in pregnancy uritic'o 
and there is evidence that this compound is of adrenal origin t>. 

Equilin and equilenin ate well known as urinary oesttogens of 
the pregnant marc, and equilenin has been identified as a metabo- 
lite of a feminizing adrenal tumour in man Evidence against the 
derivation of these compounds from ocstrone has been put for- 
ward, but since it is based on in vivo work with horses it must be 
accepted with reservation. 

Conjugates of oestrogen metabolites. The urinary oestrogens are ex- 
creted predominantly in the form of conjugates with glucuronic 
acid or sulphate. Ocstriol is converted to both the 16- and 17-glu- 
curonosidcs, but the involvement of the phenolic oxygen function 
in glucuronosidc formation has definitely been established in the 
ease of oestrone. This steroid accepts the glucuronic acid residue 
from UDP-glucuronic acid in a typical reaction catalysed by a glu- 
curonvl transferase'. The formation of the sulphates involves the 
phenolic hydroxyl function in the case of oestriol and oestrone. 
The mechanism of this reaction has not been described, but the 
mechanism of formation of other sulphate esters has been exten- 
sively studied ’■’. 


COOH 


COOH 

j 

I 

CH, 

1 ^ 

NADPHj 

HAOP 

CHj + NH, 

-f or . 

= ^ ^ "b or 

1 

CO 

NADHj 

CHNH. 

j ^ 

j 

COOH 


COOH 

a-Kcto- 


L-Glutamic acid 

glutaric acid 




Glutamic acid is the only amino acid in animal tissues that can be 
directly synthesized from ammonia and the corresponding carbon 
skeleton (supplied in the form of the a-ketonic acid). All other 
nonessential amino acids ate formed from the corresponding a- 
ketonic acids by transamination with glutamate. The reductive 
amination of a-ketoglutarate is thus the most important ammonia- 
binding reaction in the animal body. 


Formation of ptoline and hydroxyptoUne 

These amino acids arc assumed to be formed from ornithine or 
glutamic acid via glutamic semialdehyde according to the follow- 
ing sequence of reactions; 
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Formation of serine and glycine 

Serine can be formed from glucose via phosphoglyccric acid. It 
is not certain at what stage the phosphate is removed from the 
ester link and the evidence is in accordance with several pcissi- 
/ bilities ' as follows : 


3-PhosphogIyccric acid 


3-Phosphohydtoxypyruvic acid 
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1 
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1 

‘ Hydroxy'pyruvic 3cid 

i 
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A*-Pyrrolinc- 
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OH 

HjC CHj HC CHj 

” -h NAD H 


Prolinc 


Hyd rox^'prol inc 


NADHj® 


pytrolinc- 

5-carboxyUte 

reductase 


Collagen hydroxyproline is derived from proline by hydroxy- 
lation of prolyl residues in a precursor polypeptide, the so-crillcd 
ptotocollagen In an analogous reaction hydroxylysinc is derived 
from peptide-linked lysine®. 


Glycine is formed from serine by the action of serine hydroxy- 
methyltransferase, the hydroxymethyl group being transferred to 
tetrahydrofolic acid to form hydroxymcthyltctrahydrofolic acid®; 

serine -f THF ^ glycine -f THF-CH,OH 
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Formation of glutamic acid 

Glutamic acid is readily synthesized in liver and other animal 
tissues when a-ketoglutarate, ammonia and reduced NAD or 
NADP arc .available. The reaction is catalysed by glutamate de- 
hydrogenase: 
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Formation of histidine 

The capacity of man to synthesize histidine has not been estab- 
lished. In micro-organisms this amino acid is synthesized from 
ATP, ribosc 5~phosphatc l-yiyrojihosphatc and glutamine in n ten- 
stage reaction^ 
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Tab/c 20 Formation of basic cell constituents and metabolites from amino acids 

Tlds list is not comprehensive; for carbohydrate synthesis from amino acids see page 441. 


Amino acid serving 
as starting material 

Product formed 

Pftthway of formation 

Physiological function 

Glycine 

Purine bases 

See page 433 

Constituent of nucleic adds and nucleotides 


Porphyrins 

See page 437 

Constituent of haemoglobin and cytochromes 


Creatine 

See page 437 

Precursor of creatine phosphate, an energy store 
muscle and other tissues 


Glutathione 

Sec page 438 

Coenzyme function in the glyoxalasc system and 1 
cis-trans isomcrases and probably other enzymes 


Hippuric acid and 
related compounds 

See page 445 

Detoxication product of benzoic acid 


Bile acids 

See page 438 

Required for digestion of fats 

Serine 

Ethanolaminc 

Decarboxylation (see Table 6, 
page 394) 

Constituent of phospholipids 


Choline 

Mcthylation of ethanolaminc, 
methionine acting as a methyl 
group donor 

Constituent of phospholipids 


Acetylcholine 

Acetylation of choline by acetyl- 
coenzyme A ' 

Transmitter substance at nerve endings 

Cysteine 

Taurine 

See page 438 

Constituent of bile acids 


Glutathione 

See page 438 

See above under ‘Glycine’ 

Glutamic acid 

Glutamine 

From glutamic acid and ammonia 
in the presence of ATP^ 

Cell constituent. Intermediate carrier of amino 
groups in aminations and amidations 


•(•-Aminobutytic acid 

Decarboxylation (see Table 6, 
page 394) 

Cell constituent, especially of brain 


Glutathione 

See page 438 

See above under ‘Glycine’ 


ProUnc 

Sec page 432 

Protein constituent 


Hydroxyproline 

See page 432 

Protein constituent 

Arginine 

Creatine 

Sec page 437 

See above under ‘Glydne’ 

Methionine 

Creatine 

See page 437 

See above under ‘Glycine’ 


Choline 

Decarboxylation (see Table 6, 
page 394) 

See above under ‘Serine* 

Histidine 

Histamine 

Decarboxylation (see Table 6, 
page 394) 

Vasodilator. Stimulates gastric secretion 

Aspartic acid 

Pyrimidine bases 

See page 439 

Constituent of nucleic acids and nucleotides 


p-Alaninc 

Probably by a-decarboxylation 

Constituent of special peptides (anserine, ornosinc, 
coenzyme A, pantothenic acid) 

Tyrosine 

Adrenaline 

See page 440 

Hormone 


Noradrenaline 

See page 440 

Hormone and transmitter substance at nerve 
endings 


Thyroxine 

See page 440 

Hormone 


Mclanins 

See page 440 

General pigments of hair and skin 

Tryptophan 

5-Hydroxytrypt- 
amine (serotonin) 

See page 441 

Transmitter substance at nerve endings in the CNS 


Nicotinic acid 

See page 399 and 476 i 

1 

Constituent of nicotinamidc-adcninc dinuclcotidcs 

Glucogenic 
amino acids 

Carbohydrates 

See page 441 j 


References ' Koskes et al-./Wo/.C-Sm.. 198, 215 (1952). ' Eeliott, 201. 661 (1953). 










Mofabolism - Synthesis of CelJ Constituents from Amino Acids 


K2)I 





+ CCi 



Ribwy I- 5-KWno ictydiioU 
5'-pho$ph«ie 


]l<boiyI-S-ioiioo-4-c>tbo<)'- 
unldaiolc S'-{<l>«phate 


Hj'r 



ntNMc-? 


WP + Onhophosphjte 


RiboiYl-J-*'«uio- AipiRie icid 

4 <>rboir7imi>]i2oIe 

5'-phoiphit« 


Jtibotfl-S «inino-4 iiiccuto- 
c«rbonftiiJoiaiMuol< 

4'-pho<pluK 



ni>«^ ? 



Riboijl 

4 luecineatbeumiJO' 
Imiiiiial* $'*p>i9«phat< 


ltibo*vl-S anuAO* Fumane acid 

4-<*rtoianiid<^ 

imidaaolc S'-photphaie 



(>)i4K r 


i 



THP 


Itiboayl 5-anuno- rormylmra 

4 aiboumIJo hytiretToIie acid 

inudatole V pVioaphart 


Riboajrl-J-fonnaiiudo- TetcahydroPotie acii^ 

4 carbotamxla- 
•Rudaiolc 5'-p>>o^>iate 



iniidiaote 5 phoaphatc 


IV 


r trmjlim >f aJeiylu aciJ (aJfKsini "iotiephorph4$t,AMP) 







436 


Metabolism -■ Synthesis of Cell Constituents from Amino Acids 



Adcnylosuccinic ncid 
(A/-succinyladcnj’Ilc acid) 



Formation of santhy He acid (xanthosine monopliosplialt, XMP) 



+ 


IJOOH 

CH 

II 

CH 

dooH 


Fumaric acid 


Formation of guanylic add (guanosine monophosphate ^ GMP) 

r 

,A^«\ 


L, 




rS/ 


:CH + CHj + ATP 


Mg 


OH 

X. 




(K'V 


COOH 

I 

CH, 


tibose-P 


UH 

doi 


^ (L ^ Pyrophosphate + CHj 


HjN' 


Xanthylic acid 


Glutamine 


tibosc-P 
Guanylic acid 


H 


Glutamic acid 


( 13 ) 


(14) 


( 15 ) 
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Transfer of groups containing one carbon atom* 

TetrahydrofoUc acid (THF) is the coenzyme of many reactions 
involving the transfer of a group containing one carbon atom. In 
most cases the one-carbon fragment is attached to nitrogen atoms 
5 or 10 of THF, or to both. 


2-Amino-4-hydrox>'- 

6-mcthyl- 

tctrahj’dropterin p-Aminobcnzoic acid Glutamic acid 



Tctrahydrofolic acid 


For the sake of brevity it is common to draw only the portion 
of the THF molecule that includes these atoms: 



The groups most commonly transferred and their mode of 
attachment to THF are as foilow's: 


Group attached j Group attached Oxidation state 

to one N atom ^ to two N atoms i cquiv.alcnt to 




ilO-Hydrox}-mcthyl-THF S,10-Mcthylcnc-THF | Formaldehyde 




S'Formimino-THF | 5,10-Mcthyhdync-THF ; Pomde acivl 
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rotmsl-THF, hydtoiymethyl-THF *nd tnethyl-THF ate aaj- 
latically iatetconTertiblc. The teactions ate catalyted by speciBc 
xidoteductases' 

S.tO-meihylidyM-THF S.lO-methylene-THF 

+ NADPH ’^+NADP 

5.tO-m.ihjltm-TllF+'{™H'^ 

. ^ . —.r. .A « irL~.»>>»i><b.nr-THPby feac- 

I ■ • 'bdyne- 

I ■ formed 


imj>ortance. 

S-formyl-THF + ATP 
lO-foftnyl'THF 
formate + ATP + THf 


5.10- methy\idyne*THF+ADP 
+ orthophosphate 

5.10- methyrtdyne-THF + H.O 
lO-fonryl-THF+ADP 

+ onhophosphate 


(3) 

(4> 

(S) 



Poiphobilinogen Protoporphyrin IX 

jUftttntt* 


DHF+NADPJI.-yTHF + NADP «) 

Another unporunt methylaiion reaction i» the formation of 
methionine from homocysteine (J) Vitamin B„ is involTcd in this 
reaction 


P + S-Metbyl-THF 

p 

nomoqnieine 



Rcrerencea 

' CtitKarac, D ^(,/4yM•r 2S, (t9a)), lIvishtKeNa, P M . 

Si«>r«»irr. }. ISl (t9e3) 


Formation of creatine from glycine, arginine anc 
Crtanne (which xn the form of creatine phosph 
store of 'phosphate bond energy’) is formed by m 
tions The basic skeleton of creatine is ptorided by 
first transfer reaction the group HN — C-NHj is ir 
arginine to glycine ' 



ClycuK Arginine Cusnidinoaceiie acid 

(glytecyimine) 


rotmatlon of porphyrins 


In the second reaction the methyl group of meth 
ferred to the guanidinoacetic acid formed in the fii 


cine ' The formation of this complex molecule has been demoo- 
sttated to proceed tia S-aminolaeTuImic aad and porphobilino- 
pen* by the following seactiona 


CCCN 

ct, cow 
oc-s 




Sjccinyl- Clycir 
cr<nrymc \ 

(j« fagt 3W 


a Ammo-^-kefoadipie 
ackl (hypoihrtici) 



0^ (I) 


icki 




^CH, 

CH, 

I ’ 

CtIHrtj 




Methionine does not react as the free ammo aci 
adenosyl deriTatiye, formed from ATP and methi 



Homocysteine appears likewise as the adenosyl i 
tranimethylafion reaction formulated above* 
Creatine interacts reversibly with ATP, especial 
form creatine phosphate . 
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CIUI'CIU 

iooii 

Creatine 


AlP 


N-POaHs 

J 

1 1 

0 H H H 
[III 



IT-C-S-R + 

HjN-^-|-S 03 H - 

— ♦ fr-c-ti-c-c-so3H -f- 

Hs-n 

\ + ADP 


H H 

H H 


CHjN'ClIj 

Bile acyl- 

Taurine 

Bile acid-taurine 

Coen- 

COOH 

coenzyme A 


conjugate 

zyme A 

Crc.stinc phosphate 



(c.g., taurocholic acid) 


The reaction proceeds from left to right in resting muscle, and 
from right to left during prolonged contractions, regenerating 
A.TP spent as an energy source in the process of contraction. 
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ir-l-s-fi + Hjti-ii-cooH 

H 

Bile acyl- Glycine 

coenzyme A 


I ” ^ 

R--C-((-i-COOfi + HS-fl ( 2 b 
H 

Bile acid-glycinc Coen- 

conj’ugate Tyme A 

(c.g., glycocholic acid) 
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Formation of glutathione 

Glutathione is formed in two main steps that have been demon- 
strated to occur in the liver. The first of these involves the forma- 
tion of the dipeptide Y-L-glutamyl-L-cystcinc from glutamic acid, 
cysteine and ATP'. This is followed by the formation of gluta- 
thione itself from y-i.-glutamyl-i.-cysteine, glycine and ATP^: 


COOH 

k 

CHj + 

CHNHj 

ioOH 


S« 

k 

|hnh2 

COOH 


+ ATP 



COOH 


ADP -t- K3PO4 


L-Glutamic L-Cysteine 
acid 


■y-L-Glutamyl- 

L-c)’Steine 


SH 

"J"’ 

0^-N-CH 

k (!ooh 

|hj + HjN-CHj -h ATP 

CHNH, ioOH 

I ^ 

COOH 

y-L-Glutamyl- Glycine 
L-cysteine 


SH 

CH. 

H I 
OC-N-CH 
I 1 H H 
CH, OC-N-C-COOH 

i b 

CHj + ADP + H 3 PO 4 

CHNHj 

COOH 

Glutathione 


References 

^ Mandeles and Bloch, 214, 639 (1955). 
2 Shore, ).B.J.biolChem., 213, 813 (1955). 


Formation of bile acid conjugates ' 

Bile acids such as cholic and dcoxycholic acids arc c.xcrcted into 
the intestine in the form of glycine or taurine conjugates. The 
major factor controlling the ratios of glycine and taurine conju- 
gates appears to be the availability of taurine. The specificity and 
activity of the enzyme systems arc such as to favour the formation 
of taurine conjugates 2 . The reactions require the presence of co- 
enzyme A and ATP, and presumably proceed by a mechanism 
similar to that involved in the activation of acetate (page 391) and 
aromatic acids (page 444)^: 


H’-COOH + ATP + HS-R * R'-ks-R -h AMP -h H^PjO, 

Bile acid Coenzyme A ^ ph™fc’’a°cid 


Formation of taurine 

Taurine is formed from cysteine in the liver and possibly in other 
organs. The pathway in mammalian tissues is via cystcinesulphinic 
acid and hypotaurine ’ : 
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Cysteine 

Cysteinesulpbimc acid 

Hypotaurine 

Taurine 


Cystcinesulphinic acid may also be formed from pyruvic acid, 
sulphur dioxide and glutamic acid by the following reactions^: 
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COOH 

P-Sulphinyl- 


+ 


SO, 


COOH 


CH, 


‘2 ' 
jHNHj 
COOH 


pyi 


ruvic acid 


Glutamic 

acid 


| 0 .H 

CH, 


r 

(OOH 

p-Sulphinylpyruvic acid 


RHj 

;OOH 


Cystcinc- 
sulphinic acid 


4- 


CH. 

k 

lo 


a-Kcto- 
glutaric acid 
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Formation of pyTimidincs 

The starting materials of pyrimidine synthesis arc aspartic acid 
and carbamyl phosphate. The pathway shown below occurs in 
mammals^ and bacteria^. Orotic acid is the first complete pyrimi- 
dine to be formcd.This is converted to orotidylic acid (OMP)-^ and 
then to uridylic acid (UMP), cytidvlic acid** and thymidylic acid* 
(TMP)5. 


• Strictly speaking, this compound should l?c termed dcoxythymidylic aciM 
(dTMF) sin« it contains deo-r^'ribosc. 


JMpWC ^rORf 



RiboM 5 pho«r^N > pirrephoRphate* 



• ThiR compouoj H fortncj bf reiciioo (f ). P<8« OJ 

** i(>cibm|C,lhi«<on<pound tbouU be MrnvJikoiiydiTnuJrlKKiJ 

(JTMP) tinet it cmciint deoryoboK 


'C«n».CE..^« Rn /-«f*r.,25. 
y W Ci«<» . 230. J7 (19M), 0»Fl»' 


> (t9U) lOWIXlTItM «lkl COHCN, 
tL./ *,«( . Vi, 37 (1995) 


Convcnlon of phenyUUnine lo ijrrofine 
The eriTymic con»er»ion of phenyUlinine «t> lyrtutne InrolTes a 
pKndine cofjctor The triction can be eoniiJered »o proceed in 
«»o pirti The fitjt foniiitj of i hydroayljtton wroWuig owieoi- 


♦-hydroxytetfihydroptttt- i hydnwyddiydnjpte^ 

difie + phenyUIinine + 0» dine + lyroeuic +.}i|0 

4-hydroxydihyilropfefi- 4-hydn)»ytetr*hydi»»- 

difle + NADPH, ptecidine + KADP 

lyrtnine + Jl,0 gj 

+ NADP 



^v,TO rhenylilimne + O, 
+ NADPH, 
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Formntion of noradrcnnlinc nnd ndrcnah'nc from tyrosine 

Noradrcnniinc and adrenaline are formed from tyrosine (and 
thus from phenylalanine), the main pathway being as follows’: 



phcnylalnnme 
(*dopa*) 


+ 1^0, 



oxidation 


Noradrenaline Adrenaline 

(norepinephrine) (epinephrine) 

(<i) tyrosine hydroxylase 

(A) dopa decarboxylase 

(0 dopamine hydrox^dase 

{d) phenylcthanolaminc T^-mcthyltfansfcrasc 

The reaction catalysed by tyrosine hydroxylase is probably the 
rate-limiting step 2. The enzyme phenylcthanolaminc iV-methyl- 
transferase is found almost exclusively in the adrenal gland 
Alternative pathways have been proposed^. 
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Peplidc-linkcd nionoiodotyrosinc 
+ 

Peptide-linked di-iodotyrosinc 


Pcptidc-iinkcd di-iodotyrosinc 

+ 

Peptide-linked di-iodotyrosinc 


phcnylethylamine 

('dopamine*) 




COR 

Peptide-linked txi-iodothyroninc Peptide-linked tkyroxinc 


proteolytic enzymes 


proteolytic enzyr 


Tri-iodothyroninc 


ThjTozine 


Formation of thyroid hormones ' 


must be oxidized to free iodine or the iodinium ion, a reactii 
probably involving a peroxidase. The jodination of tyrosine 
monoiodotyrostne and di-iodotyrosinc probably takes place 
pcptidc-iinkcd tyrosyl residues. The thyroid hormones tri-iod 
thyronine and thyroxine arc formed by condensation of iodont 
syl residues, the side chain of one tyrosyl residue giving rise 
serine in this coupling reaction. 

Tri-iodothyronine and thyroxine ate retained in the thyro 
within the colloid as peptide-linked residues in the specific pn 
tcin thyroglobulin. The thyroid hormones arc released from tl 
thyroglobulin pool by enzymatic hydrolysis as required. The fu 
thcr metabolism of these hormones is described on pages 726-72 
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Iodide is absorbed in the gastrointestinal tract and rapidly dis- 
tributed in the extracellular fluid. Except during the postprandial 
period the iodide concentration of plasma is less than 5 pg/1. This 
inorganic iodide of the plasma is removed almost entirely by the 
kidneys and thyroid gland. The concentration of readily exchange- 
able iodine in the normal thyroid in terms of whole tissue or of 
tissue water may be 20-40 or more times greater than that in the 
plasma. Prior to the iodination of the tyrosine molecule the iodide 



Pcpudc-linkcd 

di-iodot)'rosinc 


Formation of melanin from tyrosine ' 

Melanin is the pigment of vertebrate skin, hair, feathers .and eye 
(see page 722). It is a complex and nonhomogencous substance 
The chief basic unit is 5,6-dihydroxyindolc, which undergoes poly 
mcrization and in the polymerized form combines with protein - 
It is formed from tyrosine, probably by the following route (thi 
route is blocked in albinism; cf. page 448): 


TjTosinc 


HO- 








f kO, 


KQ 


3,4-DihydrosyplienylaIanine 



5,6-Dihydrovyindolc 



Rcfctenccs 

< Forarcvicw.ee Mason-, ILS-.^lAw-fe-r/.. 16. 163 (1955); U u-Cttr..., 
CE., Adroit, Pntch Cbcrv,^ 10, 65 (1955). 
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Oftnation and degradation of 5-h>dfoxy«yp«afn!ne 
leroionln) 

5-llydroaytryptaminetserotoniri) is assumed to teanenrouaia- 

nittof substance in the CNS, it may play a role in hxmostasi^ m 


^ tryptoybia H 

bydroiylase 

Tryptorfun * llydreayttyptoph*!* 




S JlrdrosyiivJoleic«taUfliyd« S-lfyJn)xyu»<W«»«tie*tfcl 


The reaction catalysed by the eruyme tryptophan hydroaylase 
IS probably the rate'limiting step tn the synthesis of wrotonifl * 
Serotonin is the precursor of tticlitomn sn the pineal gland (see 
page 730) 


Fig 17 Paihways of carbohydrate breakdown and syfi 
The pathways differ it four points Btesldown 
dicated by the left hand irrows, lynihrsis reiciions t 

hand arrows 


fhosphiie->J 


UDPgIuco! 


—♦Glucose l-phosphile — — ■ ' 
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il 

/Fructose 6-pho»pbiie,ya Phosphate 

+ ATP{ I, J 

Fructose 1,6-diphosphaie 

11 


Pbosphoglyccraldehyde , — 

II 

J^Diphospboglycctate 

II 

3-Pbt)si^C8!yttr«e 

JI 

2-Pho$ph©g1yctfJte 

.. +ATPerITP 

PhosphopytUTiie i — ^ — — 

I ■'■COi 

Pyruvate • 


i Dihydroxyaceto 


It 

Lactate 


+ AT? + COj 


Refect nets 

' rasaama \ , Piiraete/ Kn , (, 4i) (1954} Sieero* and ttlUemCHST. 

Ad/are, m, 315 (t9S7). Faca. I fL. PiyiW A/e, 39,277(1955) 

4 Pace (I il , L^ti, 1, 199 (1955], l^esow and Vaiocnradu, Ltmii, 2. 
951 (1954) 
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, ,t/eiVr Pkjra 


<•4.3.274(1967) 


fructose heaosediphetphauae fruCtO 

1.6- 6-phO 

dtpbos^bate + 

(r) Glucose 6-phosphate is likewise dephosphoryl.ucd I 
phosphatase' (and not by transfer to ADP) 


Synthesis of carbohydrate from amino acids and other non- 
carbohydrate precursors (gluconeogenesis) 


Riucose glucose 6 phosphaiate 

^phosphate + pht 

(/) Glucose l-phosphate is converted into plycogen 
glucose* and not by reversal of the phosphorylase 


jKiaiy lo yield pyruvate (or phosphopyruvare). The paibway from 
pyruvate to glucose inclutJcs most steps of ibe anaerobic glycolysis 
(Table 3. page 389) m reverie, but at three stages special reunions 
tvecur* circumventing the energy barriefs which would prevent a 
iiffiple reversal of glycolTiis. 

(at The formaiion of phosphopyruvate frompynivaie Thespecul 
reactions bv which phoiphopyruvite is formed ate* 

pvravate pymvaw ciAoiyljse Oxaloacetate 

- AT? + ADP 

■ +- phosphate 


l-phosphate 

-fUTP 


glucoie-l phosphate 
uiiJ) iTliransferase 


UDP- 

-fpyf' 


UDP- 
glucose 
+ glycogen. 


UDPglucose glycogen 
glucoiyltianaferase 


glycw 

-hUf 


The Mages of carbohydrate synthesis from pyruvate 
nzed in Figure 17 above 


i-AT? 
or IT? 


pho«phopTniTixe earbctsjrlaw 


phosptio- 
pytuvate 
-F ADP or IDP 


(>) Frxictose 1,6-diphosphate is converted into fructose 6-phos- * ‘ 

ps-ite bv a speci-ic phosphatase* (and nor br rranifef of pbos- ■ . 

phi'e to ADP) , 
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Detoxication mechanisms 

A number of metabolic processes do not fall under the headings 
of either energy supply or synthesis of cell constituents. Their 
common feature is the disposal of potentially harmful substances. 
In other words they contribute towards the maintenance of the 
physiological environment. These metabolic processes arc com- 
monly referred to as ‘detoxication mechanisms’. 

Quantitatively the most important detoxication mechanism is the 
conversion of surplus nitrogen, in particular surplus ammonium 
ions, into urea (see below). Other detoxication reactions concern 
the disposal of certain ingested materials (c.g., benzoic acid) and 
of drugs. A recent review of drug metabolism can be found in 
Goldsttin ct al.t 

Reference 
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Reaction (1) is stimulated by acetylglutamate and by other acy 
glutamates®. It is probable that acetylglutamate is the compoun 
normally involved since it occurs in mammali.an hVer®. In bacteri 
the stimulation by acetylglutamate docs not occur, and only on 
molecule of ATP is utilized per molecule of carbamyl phosphat 
formed. The nature of the action of acetylglutamate is obscure 
Carbamyl phosphate reacts with ornithine to yield citrullinc®' ' 



NH, 

H,N-C-)(H 

0 0 

ft 

0 CH, 

IIjN-i-O-l-OH -h 

ft 

CH, 

CH, 

► 1 “T Uftnopnospiuu 

CH 2 

OH 

pH, 

CHNH, 

iooH 


COOH 

Carbamyl phosphate 

Ornithine 

Citrulline 


(2 


Synthesis of urea' (for references see page 444) 

Most of the surplus nitrogen arising in the mammalian body is 
excreted in the form of urea. The synthesis of urea from ammonia 
and carbon dioxide proceeds by a cyclical mechanism. The con- 
cept of the urea (or ornithine) cycle was originally based on the 
observation that ornithine, citrulline and arginine stimulate urea 
production in the presence of ammonia without being themselves 
consumed in the process^. Since it was proposed, this concept has 
received support from many other experiments'. The reactions of 
the cycle involve the stepwise building-up of the urea structure on 
the 5-amino group of ornithine. The building-up process is com- 
pleted with the formation of arginine, which is then hydrolysed by 
arginase to yield urea and ornithine. 

Before one molecule each of ammonia and carbon dioxide enter 
the cycle, they react to form carbamyl phosphate. The synthesis of 
this compound requires ATP and has been formulated as fol- 
lows 

0 tj 

C0j+ NH 3 + 2ATP — ♦ HjN-l-O-P-OH +2A0P+ Orthophosphate «) 

OH 

Otbamyl phosphate 


Citrulline next condenses with aspartic acid to form arginino- 
succinic acid®, a process that requires ATP: 


ro 

ItH COOH 

I I 

CH, CH, 

I -h I + 
CHj CHNHj 

CH, COOH 

I ^ 

CHNH, 

I ^ 

COOH 

Citrulline Aspartic 
acid 


COOH 

I 

CH, 

H I ^ 

HN N-CH 

iooH 

tlH 

I 

CH 

I ^ + AMP -1- Pyrophosphate (2) 

^H, 

^H, 

CHNH, 

I ^ 

COOH 

Arginino- 
succinic acid 


Reaction (3) is freely reversible, but under physiological condi- 
tions it proceeds only from left to right because of the presence of 
a highly active pyrophosphatase®: 


Table 21 Detoxication mechanisms 


Reaction 

Examples of compounds 
detoxicated 

Product formed 

^fcchanism 

Acetylation 

Sulphanilamide 

Acctylsulphanilamidc 

See page 444 

Mcthylation 

Nicotinamide 

Af-Methylnicotinamidc 

The methyl group is derived from methio- 
nine probably via X-adenosylmcthioninc 
(see page 437) 

Glycine conjugation 

Benzoic acid 

Hippuric acid 

See page 444 

Alkyl- and atylglucu- 
ronide formation 

Alcohols and phenols 
(menthol and phenol) 

Menthyl- and phcnyl- 
glucuronidc 

R-OH -k UDPglucuronic acid — ^ 

COOH 








H OH 

P-Glucuronidc 

Acylglucutonidc 

formation 

Aromatic acids (benzoic 
acid) and branched- 
chain aliphatic acids 

Bcnzoylglucuronidc 

Not known ; 

Sulphate ester formation 

Phenols 

Phenyl sulphate 

See page 445 ' 

Glutamine conjugation 

Phcnylacctic acid 

Phcnacctylglutaminc 

See page 445 1 

Mcrcaptuiic acid 
formation 

Naphthalene, 
alkyl h.alidcs 

Naphthylmctcapturic 

acid 

See page 445 


, 
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OnhophosphoTK aci<i 
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Tlii* 5« followed by the hydrolysis of arglh 
urej. Orfuthme cm then undergo the same se 
startmg with reaction {!)■ 


Atgioinosuccinate reacts further to giw arginine and fumarate 
y reaction (5): 



KH, 
I ' 



Fig If The urea cycle (omithme cycle) 
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Utiliz-ition and regeneration of aspartate in the synthesis of urea 


NADH, d- NHj 



Aspartate 


Citrullinc + ATP 




H,0 


and a-hetoglutarate (sec page 393) or by rcductiTC amination from 
ammonia and a-ketoglutarate " : 


jlOOH 

HHj -f CHj + IIADH 
(orWDPH) 

1 

COOH 

Ammoaia a-Kctoglutaric acid 


COOH 

I 

CH, 

I ^ 

CHj + NM + HjO (7) 
/hNH, Cor WOP) 

I ^ 

COOH 

Glutamic acid 


The second nitrogen atom of urea must thus pass through gluta- 
mate and aspartate but not necessarily through the stage of ammo- 
nia. The supply of aspartate for reaction (3) involves two cycles, 
■which arc subsidiarj' to the main urea cycle shown in Figure 18. 
These subsidiary processes arc shown in Figure 19, above. 
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Acetylation of amines ' 

lilany aromatic and aliphatic amines arc acctylatcd in the body. 
These include sulphanilamidc, p-aminobcnzoic acid, p-nitranilinc 
and others^. In general, the acetylatcd amines arc less toxic than 
the unacetylated compounds. However, in some eases the low sol- 
ubility of acctylatcd amines can render them harmful owing to their 
crystallization in the urinary tract. 

The acetylation reaction proceeds via acctyl-cocnzyme A (sec 
page 391), for example: 

p 

R— S-C— CHj — -* 

Acctj-l-cocnr^'mc A 



Sulphintlamide 


HjN— 


AcctylsuJphanilamidc Coctuyme A 
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Formation of glycine conjugates 

Arom.itic acids such as benzoic acid, nicotinic acid, cinnamic 
add and similar compounds arc conjug.atcd with glycine in various 
organs’. The reaction requires coenzyme A .and ATP, and pro- 
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y a mechaiusm jimJar lo ihat inToWed m the aclitaiioo of 
(see page 391), for eiample: 


roimation of phenacetylglutarolne 


>-CaOH + lT?f HS-B- 


^1 


S-H 4 -• ^ 

l-coerujmeA Clycine Itppi 


<TKe.VNa.II ,J MCitm ,189, 227(I9S1), ScHAcHTtiindTacCAir, 
CV*. 20a.2«l (1954): MoiOAVi end MetSTXK./aM/Cle»,219, 
Wi-J) 


fl4WP4R[)-|-&-|^ 


Oi- 


-CtOK + ifP + HS-fl- 


CtDH -4 HS-A 


(!coh 


alien of eiiefs of sulphuric aeld 

:urilly occurring sulphate esters include the polysaccharides 


1 ! 

•A 4 tMP + HO-P'O-M 


The first of these reactions occurs in beef as veil as human 


W-S-flH to- 


<6 


Adenosww 5' phosphotalfhtw Pltophaspbetit 
Kid 
tli, 


<o 


Formation of mercapturlc acids 
A number of aromaiic compounds (e g , halogenobenzenes, 
oaphibalene) give rise on ingestion to mefcaptutie acids (Af-acetyl- 
^•arylcysteines)’ The mechanism of formation of these com- 
pounds IS as follovs^ 
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Inborn Errors of Metabolism * 


Introduction 

A number of cliscnscs arc now known to be caused by a failure 
of the body to synthesize sufiicient quantities of one specific pro- 
tein, often an enzyme, or by the synthesis of an abnormal protein 
in place of the normal one. Failure to synthesize an enzyme can 
cause a complete or partial block of a metabolic pathway and 
usually leads to the accumulation of the intermediary metabolite 
that is normally the substrate of the missing enzyme. In some eases 
the accumulation of this metabolite leads to abnormal side reac- 
tions. In phenylketonuria, for example, absence of phenylalanine 
4 -hydroxylase leads to accumulation of phenylalanine, some of 
which is converted to phcnylpyruvic acid, and this undergoes 
further changes to o-hydroxyphcnylacetic acid, phenyl-lactic acid 
and phenylacctylglutaminc. 

In some eases the defective protein is not an enzyme in the nar- 
rower sense, i.c., a catalyst bringing about a chemical change, but 
a substance concerned with the active transport of a metabolite 
from one compartment of the body to another. Examples are 
intestinal absorption and renal tubular rcabsorption. In such cases 
the resulting disease or abnormality is not caused by a metabolic 
block but by a disturbance of transportation and the secondary 
effects of this disturbance. In Hartnup disease, for example, tryp- 
tophan is poorly absorbed from the intestine and is in consequence 


acted on by bacteria in the colon to produce abnormal indo 
compounds that arc absorbed. In this disease there is also a rcr 
tubular defect leading to amino-aciduria. 

These defects in the synthesis of an enzyme or transport meet 
nism arc genetically determined and arc referred to as inborn erre 
of metabolism. Some defects of this kind consisting of sim 
enzyme failures can be acquired, like the action of a heavy mcl 
poison on proximal renal tubular transport of amino acids .and 
hcxachlorobcnzenc on porphyrin metabolism or the production 
alkaptonuria in experimental animals by administration of a, 
dipyridyl. Such acquired defects arc often temporary. 

Some gene mutations lead to the formation of an abnorm 
structural protein rather than the absence of an enzyme. T1 
clearest examples ate the hacmoglobinopathics, where the strui 
turc of some of the abnormal proteins has been completely clue 
dated. In the thalassacmias there is a relative failure to synthcsi 2 
haemoglobin rather than production of an abnormal hacmoglobii 
Thalassacmia is thought to be caused by mutation of a ‘controllci 
or ‘tap’ gene, abnormal haemoglobins by mutations of ‘structura 
genes. Inborn errors of metabolism may resemble either type o 
hacmoglobinopathyimutation of the relevant structural gencwouli 
produce in place of the normal enzyme a protein lacking catalyti 
properties, while a ‘silent gene’ mutation would produce neither thi 
enzyme nor an abnormal protein. 


Hacmoglobinopathics ' 


Four major types of haemoglobin occur in normal erythrocytes : 
Hb-Ai (or A), Hb-Aj, Hb-F and Hb-A,. In the adult, Hb-A, con- 
stitutes over 85% of the normal haemoglobin and Hb-Aj about 
214%. Hb-F is the major constituent in utero but is rarely detect- 
able after the first year of cxtrauterinc life. Hb-A, is a compound 
of Hb-Ai and glutathione found in older erythrocytes and will not 
be further considered. 

Each molecule of haemoglobin consists of four polypeptide 
chains of two different types and four haem groups. Hb-A, has 
two a*' and two polypeptide chains; Hb-A, can be formulated 
as a^Pf, Hb-Aj as and Hb-F as The synthesis of each 
type of polypeptide chain, a, p, y or S, is controlled by a different 
pair of genes. Each polypeptide consists of between 140 and 150 
amino-acid residues. The identity of the amino-acid residue at any 
point on the chain is determined by the structure of the triplet of 
deoxyribonuclcotides at the corresponding point on the DNA chain 
constituting the gene. A change in this triplet (i.e., a mutation) may 
alter the identity of the amino acid incorporated at this point in the 
chain and thus produce a different polypeptide. Combination of 
this abnormal polypeptide with other polypeptide chains and haem 
groups produces an abnormal haemoglobin. 

Over 100 different abnormal haemoglobins arc known, each 
produced by a mutation affecting one type of polypeptide chain. 
In sickle-cell anaemia, for example, the P gene has undergone mu- 
tation to produce an abnormal p polypeptide (p®) with valine in 
place of glutamic acid at position 6, but the a gene is normal. The 
major haemoglobin produced by the homozygotc is therefore 
a^Pf, accompanied by normal a^yf and the heterozygote 

has a^P^- as well. 

Hydrolysis of haemoglobin or its separated polypeptides with 
trypsin breaks up the chains wherever a lysine or arginine residue 
occurs, producing a series of oligopeptides. These can be separated 
by paper electrophoresis and chromatography to produce a two- 
dimensional pattern of peptides characteristic of the starting pro- 
tein a so-called ‘fingerprint’. In an abnormal haemoglobin one 
tryptic peptide in general will differ from its normal counterpart 
in one of the constituent amino acids and hence in its position (and 
possibly reactions) on the ‘fingerprint’. The relevant peptide spot 
can be cut out and further analysed. 

An abnormal haemoglobin is first denoted by a letter or geo- 
graphical location or by both, for example Hb-S, Hb-Nqrfolk, 
Hb-D„ When it is known which polypeptide chain is ab- 
normarthc nomenclature is modified, for example Hb-S = 0*3?, 
Hb-Norfolk = The tryptic peptides of thc a duin arc 

numbered aTpI to aTpXIV, those of the p chain pTpI to 
pTpXV; if known, the tryptic 

r/'cidiie is indicated, for example Hb-S — a. Pi — o. Bj , 


amino- 


* This chanter on ‘Inborn Errors of Metabolism’ has been written in coIIabo- 

atioIvIthU.Wooi.riDepartmentoftheReKiusProfessorofhfedicme.Rad- 

liffc Infirmary, Oxford). 


Hb-Norfolk = p^ = aj" 3^. The alteration in amino- 

acid composition, when known, is indicated by, for example, 

Hb-S =aApTpi(Giu.vai>^ Hb-Norfolk = ap''”<°»-Asp)3A pindly, 

when the structure is completely elucidated, the notation used 
gives the amino acid substituted for the normal one in Hb-A and 
the position in the polypeptide at which the substitution occurs, 
for example, Hb-S = ct^pj''’*', Hb-Norfolk = ct”''-''’p*. A similar 
notation applies to the y and 5 chains, though as yet few abnor- 
malities of these have been described. 

The thalassacmias are a group of genetically determined anae- 
mias in which the production of o chains, p chains or B -f 5 chains 
is greatly decreased or absent. Each type of thalassacmia is carried 
by a single autosomal gene with heterozygote expression and more 
marked homozygote expression. 

Where a, P or S chains are produced they arc normal in struc- 
ture; the various thalassacmias arc probably caused by mutations 
of ‘tap’ genes controlling the activity of the a, p or p 4- S strucmml 
genes respectively. If a chains arc not made, Hb-A,, Hb-A, and 
Hb-F cannot be formed. Homozygotes for a-thalassacmia proba- 
bly all die in utero, while hctcrozygotes have more or less severe 
anaemia. Since surplus p, y and 6 chains arc produced, a-thal.is- 
sacmics sometimes possess abnormal haemoglobins with four P 
chains (Hb-H), four y chains (Hb-Bart’s) and, probably, four f) 
chains. In P-thalassacmia no abnormal haemoglobins arc present 
but Hb-A, is decreased in amount or completely absent. In a pure 
P-thalassacmia, Hb-Aj is increased in amount, as is Hb-F, but m 
thalassacmias where the activity of both p and 5 genes is reduced, 
Hb-A. as well ns Hb-A, is decreased in amount. Except in the 
High Hb-F condition, all horaozygotes for p-thalassncmia and 
95% of hctcrozygotes for a- or P-thalassacmia exhibit morpho- 
logical abnormalities of the erythrocytes in the form of hypo- 
chromia, poikilocytosis, frequent target cells and microcyth.icmia- 
The erythrocytes show decreased osmotic fragility. The nn.icmi-' 
is caused both by reduced formation of the globin moiety of 
haemoglobin and by haemolysis, 

Thalassacmias arc classified on clinical grounds. Probably all 
homozygotes for p-thalassacmia have thalassacmia ‘major’, and the 
majority of hctcrozygotes thalassacmia ‘minor’, ‘minima’ or trait . 
There is some overlapping, however, as with hctcrozygotes for 
a-thalass.acmia, who may show any degree of anaemia from veri 
mild to very severe. 

The High Hb-F gene is classified with the thalassacmias rinre it 
suppresses formation of p and S chains. However, it is clinicall; 
harmless even when combined with sickle-cell trait in double hetero- 
zygotes. The High Hb-F condition has been called ‘nonmi'croctt- 


acmic thalassacmi.a’^. 

Hb-Lcporc and related diseases in homozygous form closely 
iscmblc the P-thalassacmias clinic.illy ns well as in the morphology 
f the erythrocytes and in the high proportion of Hb-b in the 
lood. In the Hb-Lcporc group, however, an abnormal baemo- 
lobin is present in place of Hb-A, and Hh-A.-. This abnorm’- 
icmogiobin has normal a chains but in place of P or 5 chains a 
ybrid of these two. These abnormal p/S polypeptides arc formal 
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probably by tionhoroologom crossings over of the ^ and S genet, 
Vihichare adjacent'’. 

AUVicniEh most abnormal hatmoglobms att found only itrj 
rarely, the genes for thalassaemia (Hb-S> llb-C and lib-E) occur 
with high frequency in some parts of the world. Some of these. 


be found foe the markedly uneven geographical distribution of ih< 
genes for llb<] and Ilb-H 

Some TcpttseniattTc hitmoglobmopathits ate listed in Table t 
lUrcrencri 


TM J Haemoglobmopaihies and tbalassaerwas 


Condiiion or abnormal 
haemoglobin 

Maemogkihins present 

Ojnieal fearurci 

Otigml geogrjphicil 

Sickle-ccIl anaemia 

9f3;v.i(Hb.S> 77-87% 

8f8*i(Hb-A.) 25% 

afY»(Mb-r) JO-20% 1 

lofircta and haemolytic anae- 

(Antral and West Africa, India, 
South Arabia, Mediterranean 
lands 

ficV1e«ll trait 
' (heterorygotes for above) 

«f 3,“ (Hb-AO 56-76% 

Bfa;'‘'(Hb-S) 20-40% 

Usually symptomlesa, sickling 
crises if anoyie 

As above 

> Hb-C disease 

Hb-SC disease 
(heieroeygote for }lb-S 
•nd Ilb-C) 

llb-E 

llb-C, 

Ilb-M group 
lit least J diflerent types) 

afSJira 83% 

«,*«,*• 9% 

afrr 2% , 

Pauly nuld haemolytic anae- 
mia. splenomegaly 

Northern Chans 

1 «s0J''" 52 5% 1 Severe haemolytic anaemia 

1 «S% 

) »^rr s 5% 

Parts of Ghana and neigh- 
bouring countries 

1 gAjjitira j Relatively mild enaemia 

Thailand, South-east Asia 

1 a, *31'”’ Symplomless 

- 

1 Hb-Ms,.!.. 

j _ gTpViiiilia.Taisgs 

Meihaensoglobinaemia, fairly 

r~ 

Europe (?) 

Hb-Zgnch 

Mb- Le pore 
(at le isiSforms 

Mb-leport,..,.. 

Hb-LeporeM„|,,ai, 

HS-Pjlosl 

* rbsljsuermi 

'iSVThilissscmia 
(f thalissaemn) 


1 Sulphotumules produce 
\ Vaemolyuc enscs 

Europe (?) 

Mb-Lepore 25% 

: a.Vr 75% 

1 As m P-thilissacmia 


tvduccd 

homozygotes) 

j None, unless combined with 

1 8- or (83)-tha]issjeniia 

' i 

Greece 

none or reduced 

1 nocK or reduced 

' «.*vr op to 100% an 

homozysotes 

S-t5?i in 
hetetozygofea 

Aa for p thalassaemh | 

1 

Greece, (%ntral Africa 
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Tablt I (mUimied) Ilncmoglobinopathics and thalassacmias 


Contlition or nlinornul 
hncmoRlobin 

Haemoglobins present 

Clinical features 1 Original gwgraphieal 

j j distribution 

P-Chain thalassacmia 
(Cooi.r.v’.s anaemia, 
hicditctranc.an anaemia, 
thalassacmia major, 
Aj-tbalnssacmia, etc.) 

none or low 

afYa' 5-95% 

oc^S^a 2-14% 

Severe microcytic anaemia 

Mediterranean lands, 

Asia south of latitude 40°N, 
Central Africa 

j 

High Ilb-F (persistent foetal 
haemoglobin, F-gcnc, 
'non-microcythacmic 
thalassacmia’) 

tt^Ya 100% in 

homozygotes 
30% in 
hctcrozygotcs 

Symptomlcss ; total Hb con- 
centration normal even in 
homozygotes 

Central Africa (?) 1 

I 

i 

i 

i 

I Ictcrozygotcs for P-chain 
thalassacmia (Cooley’s 
trait, thalassacmia minor) 

“a^P? reduced 

raised in 96% 
«a*Ya' raised in 50% 

Microcytic anaemia, varying 
from very mild to severe 

Mediterranean lands, etc. ! 

1 

Hctcrozygotcs for P-chain 
thalassacmia and Ilb-S, 

I-Ib-C or Hb-E (sicklc-ccll 
thalassacmia, etc.) 

a^PJ'’** or 
a^p;ry» or 

Combine the features of both 
heterozygous diseases; often 
more severe than cither alone 

As for Hb-S, Hb-C or Hb-E I 

j 

a-Chain thalassaemias, 

I-Ib-H, Hb-Bart’s 
(Cooley’s anaemia, etc.) 

a^Pa^ in reduced 

amount 

P'^ = Hb-H 
yf = Hb-Bart’s 

As in p-thalassacmia; 
probably only hctcrozygotcs 
survive i 

1 

1 

Thailand, China, Greece | 

j 

1 


inborn errors of amino-acid metabolism 

In alkaptonuria the absence of homogentisate oxygenase pre- 
i^ents the catabolism of homogcntisic acid to maleylacctoacetic 
icid with the result that homogcntisic acid accumulates and is 
jxcrctcd in the urine. The renal clearance of homogcntisic acid is 
i^cry high. 

Phenylketonuria, histidinaemia and maple syrup urine disease 
leucinosis) resemble alkaptonuria in that each is caused by the 
’cnetically determined absence of an enzyme and the consequent 
iccumulation of the relevant substrate. In each case, however, the 
iubstratc undergoes ‘abnormal’ reactions because of its high con- 
xntration, for example in phenylketonuria the transamination of 
Dhenylalaninc to phenylpyruvic acid or P-imidazolylpyruvic acid 
ind reduction to the a-hydroxy acids. Substrates of the missing 
mzymes in abnormally high concentrations, as well as the abnormal 


metabolites, are often toxic; they may cause brain damage in phe- 
nylketonuria and maple syrup urine disease, ochronosis and arthri- 
tis in alkaptonuria. 

In albinism, though tyrosine is not converted to 3,4-dihydtoxy- 
phenylalanine (DOPA) and the latter is not converted to melanin, 
it is adequately metabolized by other pathways. The nature of the 
enzymatic defects in cystinosis, homocystinuria, hypcrglycinacmia 
and oxalosis is still obscure. 

Diseases arising from inborn errors of amino-acid metabolism 
arc listed in Table 2. All involve some loss of surviv.al fitness .and 
many are virtually lethal. All arc inherited as mendclian recessive 
characters, as would be expected in view of the fact that a mutant 
gene would tend not to survive if it produced a dominant character 
causing serious disability. Even rcccssivcly inherited lethal genes 
tend to vanish unless there is some compensating advantage to th.c 
hctcrozygote in some environments. 


Table 2 Inborn errors of intermediary metabolism of amino acids 


Condition 

Defective enzyme 

Biochemical features 

CHnical features 

I 

Treatment 

' __ 

Alkaptonuria’*’ 

Homogentisate 

oxygenase 

Urinary excretion of 
homogcntisic acid 

Urine darkens; ochrono- 
sis; arthritis in later life 

j None known 

1 ; 

Phenylketonuria’** 

Phenylalanine 

4-hydroxylase 

Phcnylalanitic accumu- 
lates in blood, CSF, etc. ; 
urinary excretion of 
phenylpyruvic acid and 
related compounds 

Severe mental dcficicncj-, 
epilepsy, abnormal EEG, 
eczema, behavioural dis- 
orders 

Diet low in phcnyl.il.ininc | 
beginning at early age 1 

: 

i 

Albinism’**’* 

o-Diphcnol oxidase 
(tyrosinase) 

Lack of melanin in skin, 
liair and cycs 

Photophobin, nystagmus, 
carcinomata of the skin 

None known | 

* Incidence 1 in 100000 

‘♦Incidence varies from tin 3200 to lit, to* according to locality. •“ Incidence I in 1.3 000. 
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•h 2 (iMlinKid) Inborn errors of mtetmediary metabolism of «nuiu> acids 


ConJi.ioa 

Defective eruyme 

pioehemicat rcatutes 

Clmunl featurct 

Trt.tnicni 

Refer- 

oitrous cretinism 
(sesetal types) 

(1) Tyrosine lodmase 

(2) CpuplmgeniytTie 

(3) Dei^inase 

Lack of thytroid hormone 

Qetinism, goitre 

Thyroid, thyroxine or 
ttv-iodoihYionint 


laple syrup utme 
dueue (leucinosis) 

Eniyme responsible 
for osidatiTc de- 
earbosylation of 
a ketoisocaproic, 
a-keto-p-methyl-n- 
vsleric and a-Veto- 
isovalenc acids 

Leucine, isolcucine and 
valiflc accumulate m 
blood, CSF, etc . unnaty 
excretion of the 3 keto 
acids and related eom* 
pounds 

i 

Cerebral degeneration: 
usually early death, Milder 
form I’lth partial enzyme 
deficiency, symptomless 
except during infections, 
etc 

Diet low m leucine, 
isoleucine and sslme 


;ysnnosia 

Cystine reductase (?) 

j ' 

1 

Cystir* K deposited its 

1 reticulo-endotbelial 
system, ammo-aciduria, 
glucosuna, protciauria. 
phosphsiutii, dilute utme 

Dwarfism, photophobia, 
rerul aodMU, hypokal- 
aetiua, Titimm-resistanc 
tickets; death before 
puberty A benign (non- 
tenal?) variant occurs m 
adults 1 

Palliative potassiufnsaUs, 
alkalis, vitamin D Diet 
lowm evstmeand methio- 
nine (efficacy doubtful) 

i 

liorriocyttinurii 

1 L<5eiine dehydratase 

Urinary excretion of ho- j 
mocysttne 

! 

Menealrecardation.tetmal j 
defects, dislocated lenses, | 
malar flush, thromboses ^ 

Diet low m methionine, 
high in cystine Pytid- 


nvperdlyeinsemia 
(seseril tvpes) 

' (Uneettam, depends 
on type) 

Clycicse accumulates m 

1 blood, etc , urinary excre- 
1 tK>n of glycitie and. in one 
t type, methylmalonic acid 

Neonatal lethargy and ke- 
tosis, neucfopenn, hypo- 
Y-globuIiiuemia. mental 

1 retardation 

^ Diet low m ptoteirt 

' 

1 

1 


Otalosis 

1 Cxeessive conrersion Calcium oxalate accumu* 
of glyeine to oxalie ' laces in kidneys, heart, 
aeid bone rnarrow and carti> ' 

laget 

Nephrocakinosis leading 

1 to progressive renal 
' failure 

1 None known 


ilisiiJinaemia 

, ilisiidine ammonia- 
lyase 

f Utmiry excretion of 
0-uTudaxolylpyru*ie acid 

1 and related compounds 

bpeech defects, mental 
reiirdaiion in some 

1 Diet low m histidine 

I 

1 

i 

rsttiiliil ryrrsinaemit (Uncertain) 

Tyrosine level in blood 
and utme raised, urinary 
' excretion of phenolic 
' acids lelared to tyrosine, 

1 generalized ammo-acid- 
uria, glucosuru, frucros- 

Rapidly enlarging liver, 
jaundice, hypoprotbtom- 
binaemia, death common 
in inCuicy, survivors may 
have vitamin D-resi$tant 
fKkets and acidosis 

1 Diet low m tyrosine and '* 

1 phenylalinine (efficacy 
doubtful) 

1 

1 I 

HYpcrprolmiemia 

Typell 

Pyrroline-S-caibiJxy- 
b'e reductase 
Pytroline-S-cubpxy- 
late dehydrogenase 

' 1 Hy perprolinaemta . uti- 
1 naryr excretion of prolme, 
Jglycme and hydioxypto- 
lline 

hfental retardation, 
convulsions, renxi disease, 
clearness 

I 

1 None known 

1 ' 
1 

1 

HvdrOTTprcIinaeri 

IS 3 JiydroTspytfoline 
5-CJtboxylatc reduc- 
tase I’) 

High levels of hydroxy- 
proime In blood and unne 

hfental reurdirion (?) 

1 None known 

1 

1 - 
j 

CiiniUi'iiemis 

.•tiginmosuccinaie 

untherase 

Hiith blood and unnary 
levels of eiuulluie, blood 
, ammonia increased, urea 
1 excretion normal 

• Mental tetatdation. 

1 epikpsyr, vomitme, 

■ ammonia intoxication 

Diet low m protein 


icijuria 

\r2m'nosuccina'e 

hasc 



Die. lowm protem 









1 
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Table 2 (comliideii) Inborn errors of intermediary metabolism of amino acids 


Comlition 



Defective enzyme 

Biochcmicil features 

Clinical features 

Treatment 

I lypcrammonacmia 
Type I 

Type 11 

Ornithine carbamoyl- 
transferase 

Carbamoyl- 
phosphate synthase 

Blood ammonia about 

10 mg/1; Urea excretion 
normal 

Mental retardation, 
ammonia intoxication 

Diet iow in protein (?) | 


Hcfcrcncca 

’ O’Dmcn ct 34, 813 (1963); LaDu, D.N., in Standury 

cl al. (Eds.), The Milabol/c Satis of MtrileJ Dittate, 2nd cd., McGraw-Hill, 
New York, 1966, page 303. 

^ Woolf, L.I., Advanc.elin.Chm.^ 6, 97 (1963). 

^ Lyman, F.L. (Ed.), Phinjlbiloauria, Thomas, Springfield, 1963; Knox, 
W.E., in Standury ct al. (Jidi.), The Afetaboiie Sarit of Inherited Oitease^ 
2nd ed., McGraw-Hill, New York, 1966, page 258. 

Fitzfatrick and Quevkdo, in Standury et al. (Eds.), The Metabolic Satis 
of Inherifed Disease, Zni cd., McGraw-f-fd/, New York, 1966, page 324. 

® Standury, J.B., in Standury ct al. (Eds.), The Melabolic Basis of Inherited 
Disease, 2nd cd., McGraw-Hill, New York, 1966, page 215. 

Woolf, L.I,, in Linneweii, F. (Ed.), Erbiiche SsojfaethtelkrmkheUen, 
Urban & Schwarzenberg, Munich, 1962, page 159; Dancis and Levitz, 
in Standury et al. (Eds.), The Metabolic Satis of Inherited Diteate,2nd cd., 
McGraw-Hill, New York, 1966, page 353; Morris et al.. Pediatrics, 28, 
918 (1961); KliLand Rokkones, .,df/a/i«fd/a/. (Uppsala), 53, 356 (1964). 

^ Linneweii, F., in Linneweh, F. (Ed.), Erbiiche Stofmchselkrankheiten, Ur- 
ban & Schwarzenberg, Munich, 1962,pagel41 ; Bauer and ANTENER,//r/F. 
paediat.Acta, 21, 19 (1966); Lietman et a\,,Anser,f,Med., 40, 511 (1966). 

® Gerritsen and Waisman, in Standury ct al. (Eds.), The Metabolic Basis 
of Inherited Disease, 2nd cd., McGraw-Hill, New York, 1966, page 420; 
CuswoRTit and Dent, Bril.tned.Btill., 25, 42 (1969). 


^ Nyhan, W.L., in Linneweh, F. (Ed.), Erbiiche Stoffucchsetkrankheiten, L 
ban & Schwarzenberg, Munich, 1962, page 170; Schreier andMuLU: 
Dtssh.rrsed. IFschr., 89, 1739 (1964) and Gem.med.Mth., 9, 437 (196- 
tes Wyngaarden and Elder, in Standury ctal. (Eds.), 

Inherited Disease ,2ni cd., McGraw-Hill, New York, 1966, page 189. 
Ghadi.sii ct al.. Pediatrics, 29, 714 (1962); La Du, B.N., in St.sndui 
ct al. (Sd%,),The Metabolic Basis of Inherited Distase,2nd cd., McGraw-Hi 
New York, 1966, page 366. 

r^GENTZ ct oX., f.Pediat., 66, 670 (1965); LaDu, B.N., in Standury ct a 
(Eds.), The Metabolic Basis of Inherited Disease, 2nd cd., McGraw-Hil 
NewYork, 1 966, page 295 ; Gjessinc, L.R. (Ed.), Symposium on 7) rosinosi 
Oslo University Press, Oslo, 1966. 

Efron, M.L., in Standury ct al. (Eds.), The Melabolic Basis of Inheriii 
Disease, 2nd cd., McGraw-Hili, New York, 1966, page 376. 
McMurray ct ah. Pediatrics, 32, 347 (1963). 

Efron, M.L., in Standury et al. (Eds.), The Metabolic Basis of Ir.heriSe 
Disease, 2nd ed., McGraw-Hill, New York, 1966, page 393. 
Tomlinson and Westall, Clin.Sci\, 26, 261 (1964); Schreier an. 
Leuchte, Ditch. mid. n~schr., 90, 864 (19651 
Russell ct ah, Lances, 2, 699 (1962). 

Freeman et a\.,/.Pedlat., 65, 1039 (1964). 


Inborn errors of carbohydrate metabolism 

Genetically determined absence of the appropriate intestinal 
enzyme causes inability to split lactose, sucrose or limit dextrin. 
Consumption of these substances may lead to diarrhoea and some- 
times injury of the intestinal mucosa. 

In galactosaemia, galactose is not converted to glycogen be- 
cause of the absence of galactose-1 -phosphate uridylyltransfcrasc. 
Galactose 1-phosphate therefore accumulates and has a toxic effect 
due to its inhibition of phosphoglucomutasc and other enzymes. 
Similarly, in fructose intolerance the absence of fructose-l-phos- 
phate aldolase results in accumulation of fructosc-l-phosphate, 
which causes severe hypoglycaemia, probably by inhibition of 
glucosc-6-phosphatase. IDefccts in the metabolism of carbohydrates 
other than glycogen are listed in Table 3. With the exception of 
hereditary leucine-sensitive hypoglycaemia, all are probably or 
certainly inherited as mendelian recessive characters. 


There are at least seven diseases due to an abnormality of glycos 
metabolism (Tabled). There may be failure to form this substar 
or a glycogen of abnormal structure may be laid down, or the g 
cogen deposited in various tissues may not be broken down n 
mally. In six of the seven diseases a specific enzymatic defect has lx 
demonstrated, but not all of these resemble typical inborn errors 
metabolism in which a mutant gene fails to produce a notm.al i 
zj'me. In idiopathic generalized glycogenosis there is a dcficicr 
of a-glucosidase. In some, more severe, cases of Gierke’s discs 
glucosc-6-phosphatase is absent from the liver, but more often il 
present in diminished amount. A second enzyme, glucose-6-ph( 
phate dehydrogenase, is also absent in some but not all persons wi 
Gierke’s disease. Glucose-6-phosphatase deficiency and dcxtri 
1,6-glucosidasc deficiency occur in the same families; in these fat 
ilies at least, the mutant gene is unlikely to be directly rcsponsil 
for the enzymatic defects. The status of amylopectinosis and of h 
patic glycogen phosphorj’lasc deficiency is also somewhat unccrtai 


Table 3 Inborn errors of metabolism of carbohydrates other than glycogen 


Condition 

Defective enzyme 

Biochemical features 

Clinical fc.iturcs 

! Refer 

Treatment ] 

Galactose diabetes 

Galactokinase 

Urinary excretion of 
galactose 

Cataracts 

Diet low in galactose ! ’ 

from early infancy i 

J 

Galactosaemia* 

Galactose-l-phos- 
phate uridylyl- 
transferasc 

Galactose and galactose 
1-phosphatc accumulate 
in tissues and body fluids 

Liver damage, cataracts, 
mental deficiency, renal 
tubular dysfunction; 
often early death 

i . 

Diet free from gnl.tctosc ! 

i 

j 

( 

Fructose intolerance 

Fructosc-l-phos- 
phate aldolase 

Fructose and fructose 
1-phosphatc accumulate 

Severe hypoglycaemia 
after ingesting fructose, 
sucrose, etc. 

Avoidance of fructose | 

and fructose precursors | 
such as sucrose j 

Fructosuria 

Fructokinasc 

' 

Urinary excretion of 
ingested fructose 

. 

Benign 

, 

Unnecessary , ■’ 

* Incidence 1 in 70000. „ . — “ 
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TahU 3 (loHiauid) Inborn errors of met ibolism of earboh)drates other than B^yc•>g«o 


CorJilion 

DcrectiTeeiuyme 

Stochentical features 

arnica] feaiutes 


Refer 

Peniosuru* 

L-Xjlulose reductase 

Urinary excretion of 

L- xylulose 


Unnecessary 


Alacnsia 

Q-Galactosidase 
(lactase) in mtestirwl 
mucosa (lifelong) 

Lactose not hydrolysed in 
smalt intestine 

Diarrhoea; failure to gain 

Avoidance of liclose 


Laewse jnwtersnce 

Probably icwestirul 

U galactosidase 
(temporarily) 

lactose not utdized, 
hetosuna, amino* 
acidurti 

Di iriboet. possible death 

Avoidance of lactose and 


Sucrose intolerance 

j 



Diarrhoea after ingesting 
sucrose, less severe ditr- 
rhoca after ingesting 

Avoidince of sucrose, 
diet low m starch 

’ 

1 Herediliry leucine- 
sensitise hypo 
plyeoemu*' 


Hypoglycaemu accentu- 
ated by gixmg kucine or 
protein, through rckase 
of insulin 

(typoglycaerme convul- Carbohydrates svith every 
sions, varying degrees of 1 protein meal 
menealretardation, some- 
times symptomkss 


• IncUenc* 1 in 50000 

** Inherited ii s dominant (hataeiereaiJimK 40*6 
infaniile h\r«||>)(iemia 

*> «f raws of idionaihic 


r.ir . r.-,r . i 1 



Rcfotneft 

' CiTiri.M«<>v, R , UvU, 3. 670 (t96S) 

> Vcuir, L I iliH Clew, S.t (1962), K ] . >n STtv 

SI ST till .MeCta* 
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( oftdiiion 

lypt 

Brochenusal featurea ^ 

'' CJinical ftatgrrs 

(<lucc«e-6-phosphatjse deftcieney ' 

1 

1 Normal glycogen aceumut ties in liver and i 
kidney j 

! Hepatomegaly, hypoglycaemia, siuntcJ 
growth with retarded bone age, etc 

Idiopathic grnecalireJ glycogenosis 

2 

1 Normal glycogen accumulates in aU organs ^ 

1 Catdnc failure, muscle hypotonia, ntuio. 

1 logical disorders, death in infancy 

Dexirin I.O-glurosidase 
(Jcbrincher) deficiency (limit 

3 

1 Aboormal glycogen with abort branches 
deposited m liver and, sometimes, akelctal 
and cardiac muscle 

j Hepatomegaly, hypoglycaemia, less severe 
than GiEftkc's disease 

a tilucin otaneping glvcosyl 
iransferave (brancher) dcficicnev 
(amYlopcttinoi's. Asoes'rN'i 
d, seise) 


1 Abnormal carbohydrate with long inner 
and outer branches deposiied m livet, I 
Spleen and lymph nosks 1 

1 Hepatic cirrhosis, death within two ye^rj 
! of birth 

tilvcocen pSosphorylue (glycogen 
phoiphon bre of the muscle) Jefi 
iicflrv rMc \»Pi£'$ syndrome) 

5 

Moderate accumulation of normal glyco- 
gen in skeletal musclri, lactate and pyru- 
vaie levels in blood fall during ezereise 

Generahacd muscular fatiguability and p^jp 

(iKcoccn pSosphorvUse 6 

'bepitic ghcogen phosphorybse) 
Jctciency (liras’ disease) 

Normal glycogen accumulatei in heer, 
phosphorylaae content of liver and kuco- 
Cyces reduced 

Hepatomegaly, tcbtixely benign ~ 

Deficiency ofl DlVIucose-gly cogen 
gtucossktsnsfcssss (glycogen 
s\ mhetjse) 


Ltret glycogen almost compktely absent 

Severe fasting hypoglycacmiy ~ 

1 


V. 2ciil e*J . McGri' 

AJr^ £}u«rj 1 

) 1 t^unf looAAatxia Sjrr^vni 


Churthii:. toivJon. 1964 
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Inborn Errors of Metabolism 


Inborn defects of renal transport mechanisms' 

Many of the substances in the glomerular filtrate are normally 
reabsorbed with high cfncicncy in the proximal renal tubule. This 
active process requires specific receptor sites on the cells lining this 
region. One type of site absorbs cystine, lysine, arginine and or- 
nithine. In cystinuria^ these sites arc .absent or largely inactive, so 
that cystine, lysine, arginine and ornithine arc very inefficiently 
reabsorbed from the glomerular filtrate and appear in the urine. 
Cystinuria is determined by a single pair of genes. Abnormal 
homor.ygotcs excrete all four amino acids and tend to form cystine 
stones. Some iictcrozygotcs excrete moderately increased amounts 
of cystine and lysine, others arc completely normal. 

In the llartnup syndrome" the renal tubular rcabsorption of a 
dificrent, and larger, group of amino acids is defective. Moreover, 
since absorption of tryptophan from the gut is also defective, bac- 
terial metabolites of tryptophan arc excreted in abnormal amounts. 

There arc several conditions characterized by one or more of 
the following: renal glucosuria'', phosphaturia®, renal acidosis®, 
generalized amino-aciduria Each is caused by loss of some specific 
function of the proximal renal tubule, often inherited in dominant 
fashion. With the exception of renal glucosuria, the tubular defect 
is associated with disease in some individuals. Phosphogluco- 
amino-aciduria® (DEtiRii-DEToMi-FANCONr syndrome), 'benign 
amino-aciduria’® and osteomalacia with amino-aciduria'® (adult 
Fanconi syndrome) were formerly considered to be separate enti- 
ties, but the demonstration of renal loss of phosphate and bicar- 
bonate in two cases of ‘benign amino-aciduria’® closed the gaps 
between it and the other two conditions. It seems probable that ail 
three arc manifestations of the same primary renal tubular defect ”, 
the clinical effects varying markedly from individual to individual, 
both in age at onset and severity. Cystinosis must be distinguished 
from these conditions since the progressive loss of renal tubular 
function in cystinosis is secondary to some more fundamental 
metabolic defect, as in gaiactosacmia and Wilson’s disease; these 
three diseases arc rcccssivcly inherited. 


Glycine is reabsorbed from the glomerular filtrate by a 
nism probably specific for glycine. In glycinuria this mec 
is defective; the condition is dominantly inherited. 

In nephrogenic di.ibctcs insipidus '® the distal tubule a: 
lecting duct do not respond to vasopressin by becoming 
able to water. 

In renal glucosuria and glucose-galactose maIabsorption'"’i 
a disturbance of the rcabsorption of glucose from the renal ti 
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Table 5 Some inborn defects of transport mechanisms 


Condition 

Site of defect 

1 ' ! . 

Biochemical signs , Clinical features 1 Treatment • Genetics 

! 

Cystinuria 

Renal tubules 
and gut wall 

Excessive urinary excre- 
tion of cystine, lysine, 
arginine and ornithine 

Calculi of cystine in uri- i High water in- , Two forms, bot 

nary tract. Often symp- i take, alkaliniza- ' recessive 

tomlcss - tion; pcnicilla- 

! * mine 

Hartnup disease 

Renal tubules 
and gut wall 

Delayed intestinal ab- 
sorption of tryptophan, 
etc. ; excessive urinary 
excretion of indoles and 
many amino acids 

Cerebellar ataxia, photo- | Nicotinamide i Recessive 

sensitive dermatitis 1 1 

1 

i 

■ 1 

Glucose-galactose 

malabsorption 

Wall of intestine, 
renal tubules 

Glucose, galactose and | Diarrhoea; dehydration, Diet with ; Autosomal rccci 

products of microbial ^ sometimes fatal fructose as sole ' sivc (?) 

fermentation in faeces; carbohydrate 

glucosuria 

Glycinuria 

Renal tubules 

' ^ i 

Glycine excretion i Probably benign None known | Dominant 

increased 

' i ‘ 

Renal glucosuria 

Renal tubules 

Glucosuria; reduced Tm 
(glucose) in type A; in- 
creased splay of glucose 
rcabsorption curve in 
type D 

Benign , None known j Dominant 

Flypophosphatacmia 

(phosphaturia) 

— 

Renal tubules 

Urinary loss of phosphate 

Rickets resistant to vita- Phosphate ^ Sex-linked with 

min D; sometimes symp- ' infusions; large ' expression in nio: 

tomlcss doses of vitamin ' hemizygotes, son 

, D or dihydro- ; hctcrozygotcs 

tachystcrol | 
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>/< S (ccn/iniifJ) Some inborn defects of transport mechanumi 


ConJiliOn 

Sue of defect 

biochemical aig-ia 

Oinicaireacuict 


Ccnctj.i 

tnal acidosis 

Renal tubules 

Impaired hydrogen-ion 
, excbtngc in glomctulM 
' Rltfite; hypercakinuni 

Ilypeichlotacmia. acido- 
sis, ncphrocalanosis, 
nephtoliihiasis. tickets or 
osteomalacu Sometimes 
tympconalcss 

Alkalis 

Sometimes 

dcminint 

nospbogVucoam'ino- 
scidufii {DsBxi- 
neTosi-rsNcovt ! 
syndrome) 1 

<eniRn familial 
airano-aciJuiia' ' 
istromataciauiih 
smino-aciduria 
(adult PA'iCONr 
syndrome) 

Renal tubules 

1 Utanaty loss of glucose, 

1 phosphate, ammo acids, 

1 protein and bicarbonate 

Sornetinves bcnigta , phos- 
phate loss, if scrcre, 
causes ntaminD-fCSistant 
nekets and dwarfism in 
children, osteomalacia in 
adults, aadosis tn many 

, Alkalis, vitsmin ^ 
I D or dihydto- 
1 tachysteiol, 
phosphate jiafu- j 

1 j 

Dominmi 

1 

j 

iephrogeme 
diabetes insipidus 

Distal renal 
' tubules and 
! collecting duett 

1 

Urine dilute and copious 

Dehydration, mental 
retardation 1 

i 

1 Water, diet low 
' in salt and 
nitrogen, 

1 chlorothiazide 

1 Set-linked 
recessive 

1 

1 


bora errors of purine ond pyrimidine meiibalism 



lated compounds 

In the Tc^ rare condition of xsmhmutu, xsmhine and itot urie 


aeid IS excreted is the end-product of purine metabolism owuif 
hek of the enxyme x-inthme oxidase 
Oroiie-acidutis i$ due to afulure to lyntheiiie uridylie seld ft 
orotK Mid (see pigc 438) A consequence is megiloblaitic inae 
and retarded growth 

0-AminotsoburyneaeiJ is a breikdown product of thymine ( 


aM 6 Inborn errors of punne and pynmidtne metabolism 


rsceisire synthesis Coitcenitaiionofuticacid ' 
of uric acid from pte- increased in serum and 
cursors often m urine 


neticicncy of »in 
thine osidase and 
ilefcctive renal 
tubular reabsorption 
of xanthine 


Absence of orotidine- 
S'-phosphjte p)ro- I 

phoiphorylascanj'of i 
ilccarbosslaie 


Tianlhme rscteied m 
large amounts 



' Xanthine calculi m 
' urinary tract 


Rare 


OiolK acid accumulates 
and IS excreted tn urine 


Serere megaloblistic 
anaemia, orotie-aeid 
ctystalluru 


De^ieney of a eafa- Hich urinary excretion of I Harmless 
bolicentsme 3 sminoitobulyric acid • 


! 0-46?o depending on | 
ethnic group, recessire | 

i 1 
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HypctbiUtubinacmia' and porphyria^ 

Several inborn errors of the metabolism of pyrrole derivatives 
arc known. The main stages of the synthesis of haem from glycine 
and succinyl-cocnzymc A arc as follows (for fuller details see 
page 355); 

glycine -I- succinyl-cocnzyme A 
a-amino-P-kcto.idipic acid 
I 

S-aminolacvuIinic acid 

■f 

porphobilinogen 


uropor- 

uropor- 

uropor- uropor- 

phyrin III 

phyrinogen III 

phyrinogen I phyrin I 


■t' 

1 

copropor- 

copropor- 

coptopor- ^ copropor- 

phyrin HI 

phyrinogen III 

1 

protopor- 

phyrinogen I phyrin I 

protopor- 


phyrin IX 

1 +Fc 

phyrinogen IX 



haem 


Complete failure of any of the enzymes leading to the formation 
of haem is incompatible with life since haem is an essential part not 
only of haemoglobin and myoglobin but also of a number of 
enzymes, especially the cytochromes. Deficiencies of the enzymes 
synthesizing haem can be due to inborn errors or the action of 


toxic substances. Thus among other effects, lead poisoning 
ishes the activity of the enzymes metabolizing S-aminolac 
acid, so that the latter is excreted in the urine. 

In the commonest forms (intermittent acute porphyr 
porphyria cutanea tarda hereditaria) the primary biochemical 
is in the liver. These have been called respectively the Swedi 
South African forms of hepatic porphyria, though both occu 
countries. Mixed porphyria and porphyria variegata arc 
terms applied, in particular, to the form of porphyria cutanc; 
hereditaria common in South Africa. 

Hepatic porphyria (or cutaneous hepatic porphyria) is cau 
oxidation of porphyrinogens to porphyrins in the liver. Th 
phyrins so produced cannot be used for haem synthesis ai 
excreted via the bile. The condition can be acquired by alcoh 
by ingestion of hcxachlorobcnzcnc, or as a result of liver d 

Haem is normally broken down to bilirubin, which is conji 
with glucuronic acid in the liver and excreted as the conjug 
the bile. Free bilirubin in high concentration, in contrast I 
conjugate, is toxic. Of the four known inherited conditions Ic 
to hypcrbilirubinacmia only one, the Crigler-Najj.vr synd 
can be definitely attributed to the absence of an enzyme. The 
three conditions may be the results of defects of a transport sj 
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Table 7 Inborn defects of metabolism of pyrrole derivatives (hypcrbilirubinacmia and porphyria) 


Condition 

Defective cnzj’oic 
or system 

Biochemical effects 

' Clinical features 

1 

Treatment 

1 Incidence a 
genetics 

Congenital non- 
hacmolytic 
jaundice (Crigler- 
Najjar syndrome) 

Bilirubin-glucuronic 
acid conjugating 
system 

Scrum bilirubin 

1 50-400 mg/1 (all free) 

Severe kernictcrus; often 
early death; sometimes 
symptomlcss 

None known 

Recessive 

Constitutional 
hepatic dysfunc- 
tion (Gilbert’s 
disease) 

Bilirubin-glucuronic 
acid conjugating 
system (?) 

Scrum bilirubin 

10-30 mg/I (all free) 

Probably harmless 

i 

! t 

i 1 

1 i 

None necessary 

Probably 

dominant 

Chronic idiopathic 
jaundice (Dudin- 
JoHNSON syn- 
drome) 

Probably faulty 
hepatic excretion of 
pigment, etc. into 
the bile 

Slight hyperbilirubin- 
aemia (bilirubin all con- 
jugated); unidentified 
brown pigment in liver 
parenchyma cells 

Benign; sometimes liver | 
enlargement and tender- i 
ness ) 

1 

None 

1 

1 

i 

Probably 

dominant 

Rotor syndrome 

Possibly faulty 
hepatic excretion 

Scrum bilirubin 

40-76 mg/I, halfficc and 
half conjugated; no pig- 
ment in liver 

“T 

Some liver tests abnormal , 

; 

None 

1 

Probably 

dominant 

Congenital 

erythropoietic 

porphyria 

(Gunther’s 

disease) 

Probably uroporphy- 
rinogen isomcrasc 

Uroporphyrin I and cop- 
roporphyrin 1 in tissues, 
plasma, urine and faeces 

Often early death ; photo- j Splenectomy, 50 known 

sensitization leading to j protection from , eases: 
severe scarring, crythro- | sunlight | recessive 

dontia; haemolytic ana- 
emia 

1 1 , 

Intermittent acute 
porphyria 

Large amounts of S- 
aminolacvulinic acid 
synthetase in liver 

Porphobilinogen and j 

5-aminolacvuIinic acid j 
excreted in urine 

i 

Often intermittent; ' Avoidance of ‘Incidence 

abdominal pain, neurosis Tinrbituratcs ^0.015-0.1..’: 

and psychosis, peripheral \ dominant 

neuritis, paralysis, gener- 1 ‘ 

alized dcmyclination; | , 

mortality high , j 
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't 7 (mnUKui) Inborn defects of metabolism of pynok dermtiTcj (hyperlMltrobinaemia and pofphytu) 


Cwi'inion 

Defeetive enayme 

BtacbtmKSiI t&cu 

Quucal features 

Treatment 

Incidence md 
genetics 

tphyria cutanea 
latda betedmtia 

Excessive hepatic 
potpbytitv produc- 
tion 

Faecal porphyrins high iii 
semlsMOfl* «»■"»»* p'-'- 

SjwptOfnles' • a* 

alcohol and 
barbiturates 


liopathic copro- 
porphyria 

Uncertain 

Large amounts of copro- 
porphytininmutme and 
faeces , amuio-acidutu 

Harmless 

None 

Rare; 

recessive 

irythropoieiic 

protoporphyria 

Uncertain 

Large amounts of proto- 
porphyrin m erythro- 
cytes, normoblasts and 
(sometimes) faeces 

Bclatively mild photo- 
sensitive dermatitis, 
erythema, itehmg, mild 
o^Rta 

Avoidance of 
bright sunlight 

Rare; 

domimne 


Ipldoiet* 

A RKup of pathologieat conditions, generally grouped logeiher 
■ 'linidn«r«’ S'* ’ * 


familial idiocy However, it is not certain that the dilTetene forms 
of NieusHN-Pick disease are genetically distinct, they may differ 
only m sue and rate of lipid deposition, and (his may also be ttue 
ofmetachrotiutie Jeucodystrophy. 


Refertncet 



-,t <i»i II siso (fue oi (he two forms of amautoiic 


rii.V S Lipidoses 



LipiJ 

S’t* 1 Qioical reaiuni 

Age at which 
lymptums appear 

Cenctici 

Kcfer- 

Gscciiek’s disease 
(i) ‘AduU' 

(M Acute infiniilc 
^c) Juvenile and adult 
reuro logical 

niucocerebto- 

side 

Spleen, liver, 
bone martow. 

in (b) and (c>, 
Jungin<b) 

Splenomegaly, often 
gross, hepatomegs* 
ly; «oaieTOaa, biooc 
disorder, purpura, 
cerebral degeneration 
m (b) and (c) 

(a) l-bOyeais 

(b) ht or 2nd 
half year of 
life 

(c) 6-20 years 

(a), 0) and (c) in 
different families, 
all recessive 


TstSscms’ d.sMse 
(infinnle amaurotic 
fimilul idiocy) 

GangliosideCvi 

(G,),amino- 

glycolipid 

^Xhitc and grey 
matter of the 
brain 

Cherry-red spot, pro- 
gressive cerebral de- 
generation, death at 
age 1-5 yean 

Usually 4-^ 
months, some- 
times eailiei 

Recessive 


juvenit and adult amauro" It" - _ — 

fimlial idiocv 

1 _ 1 1 ■ 

rroiTi 5 years 
onwards 

Probably 
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Tabus (continued) Lipidoses 


Condition 

Lipid 

accumulating 

Site 

Clinical features 

Age at which 
symptoms appear 

Genetics 

Nih.mann-Pick tlisc.isc 

(a) Acute infantile 

(b) Cerebral juvenile 

(c) Nonccrebral 

Mainly sphingo- 
myelin 

Spleen, bone 
marrow, liver; 
usually also 
brain and retina 

Often eberry-red 
spot; hcpatosplcno- 
mcgaly; hepatic cir- 
rhosis; usually cere- 
bral degeneration and 
death infirst 2 54 years. 
Some adult eases arc 
without neurological 
involvement 

(a) From birth 

(b) Childhood 

(c) Up to 30 
years or later 

(n) Recessive 

(b) Recessive 

(c) Uncertain 

Mctachromatic 

leucodystrophy 

(a) Infantile 

(b) Adult 

Sulphatides 

Brain, kidney, 
urine, gall- 
bladder 

(a) Cerebral and cere- 
bellar degenera- 
tion; spasticity; 
dementia; death 
after 1-6 years 

(b) Psychotic 
changes; blind- 
ness; aphasia; 
tetraplegia. Death 
after 3-12 years 

(a) 1-2 years 

(b) Late child- 
hood or 
adulthood 

1 

! 

i 

1 

(a) Recessive 

(b) Uncertain 

Essential familial 
hyperlipacmia 

Triglycerides, 

lipoproteins 

Blood plasma 
(chylomicrons) 

Hcpatosplcnomcgaly ; 
sometimes xantho- 
mata. 

Relatively benign 

Usually early 
childhood 

Complex 

Hypcrcholcsterolaemia 

Cholesterol (free 
and estcrified), 
phosphatides, 
sometimes tri- 
glycerides 

Blood plasma 
(lipoproteins), 
tendons, skin, 
blood vessels 

Cutaneous and tendi- 
nous xanthomata ; 
atheroma of cndocar- j 
dium, coronary arter- 
ies or great vessels 

1 

1 

From childhood 
onwards 

Usually 

domin.ant 
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Inborn errors of corticosteroid metabolism ' 

Certain forms of adrenal hyperplasia have their origin in an 
inborn defect in the biosynthesis of steroids. The commonest is a 
defect in the hydroxylation of the steroid skeleton at C-21 due to a 
deficiency of steroid 21-hydrox)'lasc, the result being a diminished 
synthesis of 21-hydroxystcroids. Since these steroids have no 
effect on the pituitar)’, the latter produces increased amounts of 
ACTH, resulting in further stimulation of the synthesis of 21- 
dcoxystcroids. Some of these 21-dcoxysteroids arc precursors of 
androgens, the augmentation of which is the reason for the pro- 
gressive virilization seen in these patients. Vv'hcn the deficiency of 
steroid 21-hydtoxylasc is vcr>- marked, practically no 21-hydrox}- 
stcroids arc formed. This results in limitation also of aldosterone 
synthesis and the accumulation of progestogens, which act as 
aldosterone antagonists. The excretion of sodium by the kidneys 
is therefore increased, and in infants with this defect there is ex- 
treme loss of salt in the urine and possibly crises like those seen in 

Addison’s disease. , . . , , , . 

A rarer form of inborn adrenal hyperplasia is due to deficiency 
of steroid lip-hydroxylase, resulting in increased formation of 
11 -deoxycorticosterone and excessive excretion of metabolites of 
his substance in the urine. Unlike patients with the defect of 21- 


hydrox)’biion, such persons cxcrctc only small amounts 
kctostcroids in the urine and they show hardly any incr 
prcgnanctriol. ll-Dcoxycorticostcronc causes sodium ret 
and this is probably the cause of the arterial hypertension 
these patients. 

DcHcicncy of 33-hydroxystcroid dehydrogenase is rat' 
blocks the formation of progesterone from pregnenolone, 
the defect in 21-hydroxyIntion, the result is loss of salt in the 
but clinically the condition differs from inborn adrenal hype 
in the manner in which it affects differentiation of the c: 
genitalia in the foetus. 

A case of deficiency of steroid 17a-hydroxyiasc has be 
ported^; here the adrenal cortex produced excessive nmoi 
corticosterone and deoxycorticosterone, with consequent : 
hypertension. 

The various forms of inborn adrenal hyperplasia arc pn 
each inherited through an autosom.al recessive gene. 
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Vitamin A 


(roc tcfetcnm tee page* 460-441) 


nUtry* 

tamin A and thecacotefies are soluble m fafs, insoluble in watec, 
eadily oxidized In the absence of oxypen they are stable to 
, alkalis and heat. On the eii'traHs isomerism of the carotenes 
numin A see ZECii«EiiTt»'. Tor structure and properties of 
run A and related compounds see the table ort pages 458-4S9. 


ologital^ hiamly by the standirdized growth lest on eitamm A- 
leni rats 

ieinicaJ*, Spectrophotometrieally in pure solution (Titamin A 
8 om, carotenes at ca. 450 nm) or colorimetrically, for instance 
antimony trichloride (Csaa-PaiCF reaction), m biological 
•rial chromatographieally after suitable extraction. 


IS 

'ildmm A. 1 International Unit (lU) «■ 0.344 pg *U-lraiu *ita- 
A» acetate — 0.300 ug «//•/«« vitamin Ai. 1 US Pharmacopeia 
I’) Unit •" 1 International Unit. 

dTotfui 1 International Unit (lU) “ 0 6 jig Q-carotene.equiT- 
t m activity to I lU vitamin A 

geneals^ * 

be catotenea are synthesized by the higher plants, algae and 
■tosynihetie haetens and are found in eoncenirated form in the 
icoplasts Acetate is converted by condensation and decatboxy* 
>n mio isopentenj I pyrophosphste, from w htch a Ct« tetpenol 
ophosphite arises by condensiiion This substance gives rise by 
hei eondensttion to a carotenoid precursor uiih 40 C-atoms, 
bsbiy phytoene The various carotenes arise by dehydrogena* 
i, eyclizat ion, isomerisation, hydration and hydroayUtion Caro- 
ei vrith 1 6 -innone ring are broken dou n in the animal organism 
riiamm A, more probably by fission m the middle of the chain 
n bv aiaeeessive Q-osidation from the end of the isopcenoid 
m*. In thelivct oils, vitamin A is present m the esterifi^ form 


trabon of tagged vitamin A to tats, radioactivity can be detected m 
the bile, urme and faeces*, the presence of vitamin A and/or ks 
metabolites in bile points to enterohepaiie circulation of the vita- 


MtlaMii'" »/ ulamin A 


Inactive metabolites (excretion) 


Carotenes- 

(fo^ 


Vitamin A esters- 
{food; 


Vitamin A acid— • Active metiboliiej 


I alcohol 
dehydrogenase 

■•Vitamin A alcohol 

j| esterase 

Vitamin A paliratate (storage) 


• Visual 

pigments 


Function 

Vitamin A i$ of great impertsnee for maintenance of health and 
life, normal growth, the visual process and reproduetivity It ep. 
^ars to be necessity for the stability of the lipoprotein membc\ne 


mm A acid, while very active in mainuinmg growth, it not capable 
of maintaining reproduetivity. 


ake and cterction 

n the USA the duly diet contains ca 7500-10000 lU (2 3-3 mg) 
iitammA'* ” Aboutah.slfoftheapparentvitammmcakeisin 
form of the ptovitamm 



<es are less easily absoibed ihin viiamin A and part of those in- 


\ itsmin K IS irored m the liver, the carotenes miinly in the fitty 
isues .\bout 90* • of the whole vitamin A of the body n stored m 
elivet, (he liver reserves (upro 300 ug vitamin A pergraimne liver 
r TTwte'*) ire lufhcient lo meet the body’s reijuiremems of the 
laminforoneTeir ormore* These reaetves.howevrr.arerapidly 
ed up in infeetions. h)petthermij and poisoning* 9l*-95*/» of the 
(Jmin A in the liver is present as pjimitjte. the temsiisderasaldc- 
rde and alcohol" '* W hen any ote«\ les^wises v«sn«n A, sbe 
Iters ui the livet are hydrolysed and the free alcohol transported by 
le hVxxl to where it is feijuired In the tissues. pJittcsilaflv in the 
ver. vitirr-in A alcohol and sidehvdc are rapidly ovidired to vita- 
-in \ aeid , iSis suhsrance is not stored, how ever, but rapidly bro- 
rn down* " An active menholite of vitairin A acid hat recently 
ren identified hut its composition is unknown'*. After adminis- 




A«nv« form 

BiochstTKcil resciion 

Dmicil effect 

Vitamin A alcohol 
or other active t&rm 

Unknown 

Reproduction in 
^Astrxeir 

Viiamm A aldeh^e 

Reaction with opsin 

Visual process 

Vitamin A acid or 
other active form 

Liberation of 
ptoteolytic enzymes 

Breakdown of 
cartilage 


Synthesis ofmuco- 
polysacchsridei 

Stimulation of 
mucous secretion m 
the epithelium 


Synthesis of corti- 
costerone 

Lesions in the 
adrenil cortex, 
interference with 
gluconeogenesis ih 
deficiency states 


'r^vitasnmAaldthydes retinal and dehydroretinil form togetber 



Structure and properties oj viramm amt reiaiea lumjjuiiriui 
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Vitamin A 



min A from the blood. The typical lesions of vitamin A deficiei 
are night blindness, xerosis or keratinization of various memb 
(particularly xerophthalmia) and the formation of defective 
tissue and dentine during growth. The most sensitive test for 
min A deficiency is measurement of dark adaptation of the e; 
determination of vitamin A concentration in the serum is less 
ble since the scrum level docs not fall until the body’s reserve 
fully depleted^. In many countries of South America, Asia 
Africa xerophthalmia is still one of the commonest causes of b 
ness in children^®' Other manifestations of vitamin A dcfici 
arc Bitot’s spots on the conjunctiva and roughness of the sfcir 
to hyperkeratosis of the hair follicles. In animals vitamin A dcfii 
cy has serious effects in pregnancy and is a cause of infertility 
congenital deformities^'. 


Requirements and dcficieney symptoms 

The requirement of vitamin A is proportional to the body weight. 
Daily requirements in health allowing for some reserve arc 2500 lU 
vitamin A, 4000 lU carotene in fats, 7500 lU in green vegetables or 
12000 lU in boiled carrots^®. In 10- to 15-ycar-old boys 1700 lU 
vitamin A arc sulficicnt to maintain a plasma level of 300 
For infants from birth to 5 months it is assumed that exclusive 
breast-feeding can provide suOTicicnt vitamin A-’®. For recommen- 
dations of official bodies sec the tables on pages 493-494. 

Good sources of vitamin A arc the fish oils (cod 1000, herring 
5000, halibut and tunny 50000-100000 lU/g), liver, milk fat and egg 
yolk; green vegetables and carrots arc rich in carotenes. Sec also 
pages 499-515. 

Causes of vitamin A deficiency^ arc inadequate dietary intake, 
impaired absorption (fat deficiency) or storage, disturbances in the 
conversion of carotene into vitamin A, or rapid depletion of the 
body’s reserves. Impairment of absorption or storage is seen in 
cocliac disease, cystic fibrosis of the pancreas, ulcerative colitis, 
pancreatectomy, obstruction of the biliary ducts and cirrhosis of the 
liver. Conversion of carotenes may also be impaired in diabetes and 
hyperthyroidism. Some infections result in disappearance of vita- 


Vitamin A difnimcy symploms in prtgnancy imd a! various ages (modified 
from McLaren and Halasa®®) 

j Cause of deficiency Symptoms | 

Pregnancy Dietary carotene Low plasma level of j 

deficiency, increased vitamin A, low liver ! 

requirement, deple- reserves, xerophthalmia 

tion following (rare), Bitot’s spots | 

repeated pregnancies (occasionally) ! 

I 

Foetus Low liver reserves, j 

xerophthalmia (rare), | 

abortion (?), congenital i 
deformities (?) 1 

Up to Inadequacy of brc.ast Low plasma level of I 

12 months milk, low vitamin A vitamin A, depletion of 

content of breast liver reserves, I 

milk, bottle feeding, xerophthalmia (fairly I 

infections common), Bitot’s spots ; 

(rare) \ 

Up to Breast feeding Commonest cause of \ 

5 years continued too long, conjunctival xerosis, ; 

dietary deficiency, xerophthalmia, Bitot’s | 

infections spots (occasionally) ^ 

School age Dietary deficiency of Conjunctival xerosis and ' 

carotene, vitamin A, Bitot’s spots (main 

fats and proteins symptoms), night blind- \ 

ness, follicular hypcr- ; 

keratosis (occasionally) , 

Adults Dietary deficiency, Night blindness (main | 

infections, cirrhosis symptom), Bitot s spots j 

of the liver, (occasionally), i 

pancreatic disease xerophthalmia (rare), j 

] ^ } follicular hyperkeratosis J 

j I (occasionally) I 


Treatment and toxicity 

Deficiency symptoms should be treated by giving vitamin a 
doses of up to 25000 lU (corresponding to ca. 30 ml liver 
Xerophthalmia calls for initially higher doses (5000 lU/kg b 
weight daily for 5 days)^®'-^®. \Vhen liver oils are given in Ir 
doscs^ vitamin D may be ingested in toxic amounts^ even thou^ 
has been shown that vitamin A in large doses diminishes the t< 
cflcct of vitamin 

Protracted treatment with high doses of vitamin A (for insta 
100 000 lU or more per day in children) may result in toxic syi 
toms such as anorexia, alopecia, affections of the skin and mucc 
swelling of the bones and diaphyses of the limbs, anaemia, enhr 
ment of the liver and spleen and headache. All these symptoms 
reversible and disappear rapidly on cessation of the treatment^, 
children overdosage of vitamin A may interfere with bone dcvcL 
mem and lead to premature fusion of the epiphyses 

In some countries vitamin A is given prophylacticilly to nc 
born children and infants in daily doses of 7500-10000 lU. Bccai 
of the danger of possible intoxication, however, it is better to rcsti 
prophylactic doses to 2500 lU per day^'. 

Acute vitamin A intoxication has been observed following t 
consumption of polar bear liver, which contains 20000 lU f 
gramme-’^' ; whale liver contains 4400 lU vitamin A per gramn 
swine^s liver only 100-150 lU per gramme'^^. 
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Vitamin D - Vitamin E 


(b) Fanconi’s syndrome 

(c) primary vitamin D resistance 

(d) renal insufliciency 

The clinical symptoms of rickets are pain in the limbs, particularly 
the leps, genu valgum, bending of the long bones, thickening of the 
synchondroses of the ribs and of the joint epiphyses, and protuber- 
ance of the forehead. Tetany is akso an occasional symptom. The 
radiological changes consist in widening of the epiphyses combined 
with disorganization of the epiphyseal disk, and appearance of a 
cup-shaped structure in place of the normal, distinct, straight 
boundary between metaphysis and epiphysis. The biochemical 
changes observed arc slight lowering of the plasma calcium level, 
marked lowering of the plasma phosphate level, reduced urinary 
calcium excretion, increased phosphate clearance, increased phos- 
phate excretion index and a rise in the plasma concentration of 
alkaline phosphatase; the calcium phosphate product in the plasma 
is lower than normal. One of the first signs of vitamin D deficiency 
is an increase in the amino-acid content of the urinc-^^. 

Primary vitamin D-rcsistant rickets is congenital and usually 
hereditary. It is characterized by lower plasma phosphate levels and 
an increase in the phosphate excretion index. The vitamin D activity 
of the serum must be 10-20 times the normal value if the calcium 
metabolism is to be restored to normal This form of rickets may 
be due to a defect of vitamin D metabolism and excretion. 


Treatment 

Prophylaxis of rickets: Sun-baths or quartz lamp treatment, 400 
lU vitamin D per day in the pure form or as cod-liver oil. 

Treatment of rickets: Rickets and osteomalacia due to a simple 
deficiency of vitamin D respond to daily oral doses of 3000 lU vita- 
min D'®: in premature infants and children with imp.iircd absorp- 
tion these should be given intramuscularly. Treatment with massive 
doses has the disadvantage that there is uncertainty as to the extent 
to which single high doses arc absorbed. High vitamin D doses ate 
called for in primary vitamin D-rcsistant tickets, and treatment 
should begin with 50 000 lU pec day Complete disappearance of 
the radiological and biochemical symptoms has been reported with 
a total of 5-400 million lU, depending on the individual''. The 
maintenance dose, again depending on the individual, ranges from 
1000 to 500000 lU pec day^'. If growth of the long bones is to 
proceed normally, treatment must be started immediately after 
birth 

Treatment of lupus vulgaris with vitamin D in very massive dos- 
age is now usual only if other tuberculostatic drugs cannot be 
given. 


Toxicology 


All the D vitamins are toxic in large quantities. High doses of 
vitamin D mobilize the bound calcium of the skeleton and bring 
about a considerable increase in the plasma calcium level as well as 
in the urinary excretion of phosphate and calcium. The calcium 
mobilized from the bones is taken up in the soft tissues, particularly 
the kidneys and media of the vessels. The clinical symptoms ate loss 
of appetite, gastro-intestinal disturbances, pain in the head and 
joints and muscular weakness; in children other signs ate a dry, 
loose skin, tremor of the limbs, loss of muscle tone with fibrillary 
spasms and arterial hypertension. When death occurs, this is usually 
due to renal failure. TTe symptoms of vitamin D poisoning ate re- 
versible when ingestion of the vitamin is stopped. 

The toxic effect of vitamin D appears when daily doses exceed 
1000-3000 lU pet kg body weight and when these doses arc given 
over several months; in infants, hypercalcaemia may appear even 
with total daily doses of 3000-4000 lU'^'. The clinical appearance 
of this idiopathic hypercalcaemia of infancy is very similar to that 
of vitamin D poisoning^®. For this reason, infants and pregnant 
women (since idiopathic hypercalcaemia may already occur in 
uteto) should not be given more th.'in 400 lU vitamin D per day ^ 

Since enrichment of milk, margarine and baby foods with vitamin 
D is now quite common in many countries, the intake of this sub- 
stance by infants and children is often excessive, for instance in the 
US A and Canada up to 2000 lU per day ^ in England up to 1200 lU 


*c dsv • 

Vitamin Ds is less suitable for treating rickets since its hyt^r- 
dcaemic effect at high dosage is greater than that of vitamin Da. 
khouEh dihydrotachystcrol has only a very slight antirachitic 
-tivitv it is, like vitamin D, tzipable of increasing the scrum mIciuiu 
■vel The danger of poisoning is the same, however, with both 
ibstanccs. In the treatment of hypercalcaemia it is essential that the 
arum calcium level should be watched. 
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Stmcluri oKdpnptThitef nianm E axJ nlauJ lompoaiJt 



Ttnlrwilt 



^M<thvltoco- CiiMatOf 

tficnril 3'56 62 

l'-«cx;otti«noll 


(rirnol 410 6^ 

(I toccphtrol, 
3-tocottienoll 


?,f-Dimnhvlt(VO- CiiH*iOt 
ttimol 410 65 

(T-tOCT'ftienril) 


S.'.S Ttirrcth'l- CnHuOi 

n^ptrieool 424 67 
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Vitamin E 


Structure and properties of vitasuirt E and related compounds (continued) 


Names* 

Tormula and 
mol.wt. 

Structure 

^^ain source 

a-Tocophcryl- 

quinonc 

(a-tocophcrol- 

quinonc) 

CaoHdoOa 

446.72 

Tocopherol-Hke compounds 

p p p 

j i r 

4 % ClC X CHj 

H 

CHj 

Oxidation 
product of 
a-tocopherol, 
green plants 

Ubiquinones 
(coenzymes Q) 


I h 

OCHj 

Vx 

JIH. J 

ft 

/; = 4-8 

Ubiquinonc-9 
(ubiquinone-45, 
coenzyme Q.)*: 
leaves; 

ubiquinone-10 

(ubiquinonc-50, 

coenzyme 

Qio)*: 
liver, yeast 

Ubichromcnols 


P , 

OCH3 

CH, J 

Vx 

CH, 

1 

CH, J 

ff 

« = 5-8 

As correspond- 
ing ubiqui- 
nones 

* Trivial names recommended by the Commission on Biochemical Nomcnclawrc of the International Union of Pure and Applied Chemistry and ths 
national Union of Biochemistry [Biochim.bicphys.Aeta { and 5 (1965)], 

Relative activity in antistcrility test on rats. 


that the process resembles the synthesis of the ubiquinones (forma- 
tion of the terpenoid chain of mevalonic acid and of the aromatic 
ring from phenylalanine) '2. 

Intake and excretion 

The daily intake of adults in the USA has been estimated at 24 mg 
total tocopherols and 14 mg a-tocopherol'^, by another authority 
at 7.4 mg a-tocopherol'"’. The tocopherol esters arc hydrolysed in 
the small intestine, and bile is necessary for their absorption. Prob- 
ably only about 35% of the tocopherols in food is absorbed, the 
remainder being excreted in the faeces' 5. The normal concentration 
in adult serum is ca. 10 mg/1, in newborn infants ca. 5 mg/1 (see 
page 609). The maximum blood level is reached 4-9 hours after 
giving tocopherols'®-'^. 

a-Tocopherol is stored in the liver and fatty tissues. High con- 
centrations occur in the pituitary, adrenals, uterus and testes'®. In 
the liver, tocopherol has been found in the mitochondria and micro- 
somes' ®. The amount of tocopherols stored by the body is several 
grammes^. In the fatty tissues this is believed to include also a- 
tocopherylquinone, an oxidation product of a-tocopherol'®. 

The metabolites tocopheronic acid and tocopheronolactonc have 
been isolated In the form of glucoronides (Simon metabolite)"® from 
the urine of persons given large amounts of tocopherol. 


Function 

The tocopherols act as antioxidants in the following processes 
both in vitro and in vivo : 

(a) they prevent the oxidation of unsaturated fatty acids (linolcic 
acid) to peroxides; lipoperoxides arc associated with the forma- 
tion of the yellowish brown pigment in smooth muscle (ceroid 


fbl diev prevent the oxidation of vitamin A and the ctrotcncs 
to they prevent the oxidation of thiol groups, particularly in en- 
zymes presumably in conjunction with selenium . 

The relationship bettveen vit.-imin E and cholesterol metabolUm 
is obscure "". The tocopherols may play a role in nucleic acid meta- 
botsm"' and in erythropoiesis"A There may be a functional con- 


nection between the tocopherols and the ubiquinones, wl 
involved in electron transport"®, and the formation of ad 
triphosphate (sec page 403)"". Vitamin E seems to have a 
on the transport and metabolism of vitamin Bis"®. 

Requirements and deficiency symptoms 

Healthy adults require 10-30 mg a-tocopherol per day 
also page 494), depending on the intake of polyene fatty a 
0.6 mg a-tocopherol at least being required per gramme [ 
fatty acid" ’. The minimal requirement of infants is probably 
per kg body weight"", an amount normally absorbed with thi 
milk. 

Vegetable oils arc rich in tocopherols, especially wheat-g 
with 200-300 mg/100 g. Other good sources of tocophet 
cereals .and eggs. Animal tissues contain little tocopherol, 
as a-tocopherol. 

Vitamin E deficiency results in various changes depending 
species, age and nutritional state. They include impaired rep 
tivity and absorption of the foetus (rats, mice, guinea-pigs) 
cular dystrophy accompanied sometimes by marked ctea 
(monkeys, mice, etc.), formation of ceroid pigments (mo 
mice, swine), increased haemolysis in vitro (rats, chickens), 
phalomalacia (chickens), exudative diathesis (chickens), nr 
of the liver (‘respiratory decline’ in rats), renal autolysis (rat 

In human beings the signs of vitamin E deficiency arc no 
marked. 

A measure of the vitamin E status is provided by the pei 
haemolysis test "". In many persons a lowered scrum toco; 
level is associated with an increase of in vitro haemolysis"®. ■ 
serum level is common in newborn infants and particularly p 
ture infants, and vitamin E deficiency is a possible cause ot n 
cytic anaemia"" and haemolytic anaemia"® in infants. Vitar 
deficiency may also be caused by impaired absorption of fit' 
Thus low tocopherol scrum levels, often combined with cteat 
and the deposition of ceroid pigments in the smooth muscle (g 
intestinal tract), have been observed in sprue, cocliac disease, t 
cirrhosis, pancreatitis and particularly cystic fibrosis of the pan 
A definite relationship between muscular dystrophy and vitar 
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Striie/m and propenks aj ntaniin K ami rtlaltd eompoimds 


NAtnc,* 

Formula and 
mol. wt. 

Structure 

j Physica 1 
properties 

Occurrence 

jAct 

Vitamin K\wi 
(phyllo- 
qulnonc*) 

CaiH4«Os 

450,71 

II 0 

H 0 

j-Cllj CH, CHj CH, CHj 

'~CH, J. Pi k Jlii .CH CHj OH 
m ciij ^ ^ ^ <^2 CHi cHj 

Yellow oil 
M. p. 

-20 °C 

Green 
plants, 
tomatoes, 
some bac- 
teria. Iso- 
lated from 
alfalfa 

m 

Vitnmin Ka(jo) 
(mcna- 
quinonc-6*) 

C4iH5«Oa 

580.90 

II 0 

H 0 

)~CH, 

!-ch. 

OH, 

i CH 

cfX 

CH, 

1 ' 

CH CHj 
« 

Yellow 
crystals 
M.p.SO °C 

Isolated 

from 

putrid 

fishmeal 

100 

Vitamin Ksia,) 
(mcna- 
quinonc-7*) 

C.sHsiOa 

649.02 

H 0 

I 1 1 

H 0 

-CHj 

-CHj 

CH, 

CH CH, 

OH, 

1 ' 

C 

'C^'^Hj 

n 

n = (> 

Yellow 
crystals 
M.p.54 °C 

Some 

bacteria. 

Isolated 

from 

putrid 

fishmeal 

70 

Menadione 
(vitamin Ka, 
mcthyl- 
naphtho- 
quinonc) 

CiiHsOa 

172.19 

H 0 

H 0 

I 

) 

Yellow 
needles 
M.p.106 “C 

Synthetic. 
Possibly a 
metabolite 

1 

! 

ca. 

100 

♦ Trivial names recommended by the Commission on Biochemical Nomenclature of the International Union of Pure and Applied Chemistry and the Inter* 
national Union of Biochemistry [Biachim.bhphyt.Ac/a ( Amtf.), 107, 5 (1965)). 

** Rcladve activity in vitamin K-dcficicot chicks. 


in some intestinal complaints like severe diarrhoea'® and steator- 
rhoea'®, as well as in impaired absorption of the vitamin due to lack 
of bile (biliary fistula, obstruction of the bile ducts). The hypo- 
prothrombinacmia associated with severe injury to the liver paren- 
chyma is not due, however, to vitamin K deficiency and is also not 
reversed by administration of the vitamin; this forms the basis of 
a test of liver function. Vitamin K deficiency can also occur during 
long-term treatment with antibiotics or sulphonamides as a result 
of destruction of the intestinal flora. 

During the first days of life the prothrombin activity of the plasma 
is 10-50% of that in adults'^, possibly because the intestinal flora is 
not sufficiently developed and intake of the vitamin with milk is 
small. Among newborn infants not given vitamin K, 0.1-1% suffer 
from bleeding, a proportion that has been shown to be reducible by 
vitamin K treatment'®-’®. 


eatment 

/itamin K is given prophylactically to newborn infants, partic- 
rly premature infants and those with anoxia, the dosage of the 
arain (or of a water-soluble preparation) being 0.5-1 sub- 
:aneousIy or intramuscularly or 1-2 mg orally at birth . Double 
■se doses may be necessary in children whose mothers have been 
ated with anticoagulants. Administration of the vitamin ‘o mo*' 
ante partum is not recommended®®. The prophylactic use of the 
itcr-solublc menadione derivatives in pregnant women and new- 
rn cWldren is inadvisable on account of the danger of hypcrbih- 
bffiSmia and an increased tendency to kernicterus; these effec s 

IjbeTuenottothemenadionederivativesthemselvesbuttoffi^^^ 

termediaty metabolhes ^ prothrombin activity due to 

d?ficiInT(see under ■Requirements and deficiency symptoms’, 
fo ve) as well as to overdosage of anticoagulants. 


If possible, vitamin K should be given by the oral, intramuscub 
or subcutaneous route and not intravenously 
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Thiamine 

(For lelcimcct (ec page 471) 


in ani pnptrMt ef lhamint a’'d rilatiJ tompoMi] 


jitipound 1 

formula and i 
mol wt 1 

Struicute | 

Phviical 1 

propertiei | 

■ Oroitrenct 

iiaminBi, | 

Ci.HitNiOS 1 

(canon) j 

KH, 

1 1 

h ^ 

1 Colourless needles, 
readily soluble in 1 

Macer, odourless 

Plants ]n an 
tissues as ihi. 
mine pytoph 


1 CnHi.NtOSCli, 

1 (hvdfoeWorule) ' 

1 337 21 

hlv^./-{~-ai,oy« 

5 1 

■ tvhen pure, thermo- 
labile in neutral and 
alkaline solution, 
stable to atmospbctic 
oxygen, unstable to 
oxidizing agents and 
ultraviolet light 

M P.24S-248 "C 
(hydrochloride) 

P'“" 


\ 

Pyrimniine 

1 

Tbjasole teaidue 

1 

1 

itTiine 1 CijHis'A/3aV|S 

iphosphate ' 421 31 

IDPJ 

ytophosphJte 

TPl’) 

:oeifbo*jl- 

«) 

1 T- , 

r r 1 — p ! ! 

OH J- 

Paleyellov needles, 
readily soluble m 
uater 

M.p 242-244 ‘C 

1 

1 

Animal tissui 
Cofactor of 
decatboxyUt 
and ocher 
enzymes 

1 

lyiitosy. 

ihyl 2-thta< 
Pine diphoi- 
ihate 
iydroty 
ihyl-2 thia- 
nine pyro- 
shoaphate 

Ci.Mt.NtO.P.S 
468 37 

; NH, 

^jAi_ J 

Itlj 

i 

1 

1 

1 

j Micro-organ 
[ isms, represi 
60% ofthet 

1 thiamine m 

1 E.nii* Alat 

1 known as 'at 

1 acetaldehyde 

1 (see page 39 

iinchfome 

C.ilii.NiOS 
262 34 

lI 

-CH, j 

* 

' Yellow prisms j 

thoMingbluefluoteS'l 
cence m solution 1 

Wp, 277-278 "C 

: ! 

Oxidation 
product of 
thiamine 




1 

_ i 



CiiHi«\iOiS 
266 34 


^ * 

CHiOhW 

I M p 195-200 "C 

1 

1 

' Antagonist t 

1 thiamine 


Rat pfc«ectu‘'n (e«. ral gfoalh te«. fw» hitk uaed 
^ft. ^/id/ Tbi inline » ith or Or^ra- 

u/ aOw>a* pYtimJine and (hiaiole reaidues tanh S^€i^Mfm 

f VC ith afodecjrboxtbse from fcjaf * 

Quamitititely in pure solution by titration of the 
li'ttde. KtiyimetficallT at reineckate, cofoiimetticilly eu the fcro 
tiTjiiTet fiorti t'liaminc and d tionium tilts, Auorimetrically 
tho'inneen bron-ide, in biolncicil matenilbf oaidationofthit- 
ine to thiothrorne, ’aSicSshou.i stfingMue Huoietcence in uUri- 
>fct fuht.uithsj'tihle mndi'icatiorsibe tbiochrome r^hodcin 
ut<^l tode'crmire the rrono-, di- and ttiph<vtphire» ofihnmine 
»t'! ai protein bound t^iir^ire 


Units 

No tntenuiiont! unit, by »ei?ht The former Imernition.i 
{= 0003 m? thiamine b>drochIotide = the U S rharmac 
UciH) IS nou. obsolete 

Bi 
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Thiamine 


■Pyrimidine residue’ ‘Thiazolc residue’ 


I ATP 

'Pytinudinc residue’ jphosphatc 
I ATP 


ATP 


‘Pyrimidine rcsidue’pyrophosplintc 'Tliiazolc residue’ phospliatc 


Tliiaminc pliosphate 


Tliiaminc 

Thiamine, hut not thiamine phosphate, is converted by ATP into 
tliiaminc pyrophosphate (for instance in yeast and intestinal tissue). 
ATP can also convert thiamine pyrophosphate into thiamine tri- 
phosphate (yeast). On the activation of aldehydes by thiamine pyro- 
phosphate see under ‘Function’, below. 

Intake and excretion 

In the USA, the daily diet contains about 2.15 mg thiamine”, in 
Germany about 1.8 mg Thiamine is readily absorbed in the small 
intestine .and converted enzymatically in the intestinal mucosa into 
diiamine pyrophosphate. In rats, thiamine is synthesized by the 
intestinal flora’'’, but in man it is unlikely that bacterial synthesis 
pj.ays .an important role. 

In whole blood the thiamine content is 20-75 ug/l, in serum 18-62 
Ug/I, in spinal fluid 3-12 pg/I^. Erythrocytes contain 80 pg/l, 
cucocytcs 675 pg/F'’. The thiamine content of the scrum in new- 
born children is very high (see page 609). Small amounts of free 
liiaminc ate present in the scrum, whereas in the erj'thtocytes and 
Issues the main component is thiamine pyrophosphate. The ptes- 
mcc of thiamine monophosphate and triphosphate and thiochtome 
n the tissues has often been tepotted'®. The heart muscle is fair- 
y rich in thiamine (2-3 ug/g), .as are the brain, hVer and kidneys 
[1 Pg/g); smaller quantities are present in the skeletal muscles 
fl.5 pg/g)'«. The human liver contains about 4 mg of thiamine”. 

When the daily dietary intake of thiamine rises above 0.5-0.6 mg 
he urinary excretion of the vitamin increases in proportion to the 
ntake; on an ample diet it amounts to at least 100 ug/day (sec 
ilso page 676). The urine also contains breakdown products (py- 
imidine and thiazolc residues) the amounts of which are not pto- 
)ortional to the thiamine content of the diet, so that they ate re- 
jarded as a measure of the rate at which body stores of thiamine are 
leing depicted”. The thiamine content of breast milk (seepage 689) 
lepends on the thiamine intake and shows large individual vati- 
fions. 


’unction 

Thiamine pyrophosphate possesses coenzyme functions in the 
reakdown of carbohydrates (oxidative decarboxylation of pyni- 
ate, see page 39 1), in the citric acid cycle (oxidative decarboxylation 
f a-ketoglutaratc, see page 390), in the pentose phosphate cycle 
:ransketoIase reaction, see page 421) and other biochemical reac- 
ons’o ; at least 24 enzymes arc known that contain thiamine pyro- 


Reaction 

Active aldehyde 

Oxidative dccar- 

Active pyruvate (a-lactyl-2-thiaminc 

boxylation of 

pyrophosphate) ® ’ 

pyruvate 

Active acetaldehyde (a-hydroxy- 
cthyl-2-thiaminc pyrophosphate)®’ 

Oxidative decar- 

Active a-kctoglutaratc (?) 

boxylation of 
a-kctoglutatate 

Active succinate scmialdchydc (?) 

Transkctolase 

Active xylulose fi-phosphatc (?) 

reaction 

Active glycolaldehydc®’ 

Active scdohcptulosc 7-phosphatc (?) 

Glyoxylntc Kitbo- 

Active glyoxylate®® 

ligasc reaction 

Active formaldehyde®® 

Active tartronic scmialdchydc®® 


phosphate as coenzyme^. The active aldehyde group in t 
tions is formed or transported by thiamine pyrophosphati 
and is bound to the C-2 atom of the thiazole ring (see tal 

Thi,aminc pyrophosphate plays an important part in th 
tion of stimuli in the peripheral nerves and in the rccovci 
after stimulation”; during stimulation of the periphet 
thiamine is liberated from thiamine pyrophosphate^'*. 

The thiamine-sparing effect of dietary fats probably det 
the fact that in thiamine deficiency the activity of pyruvate 
genase is more rapidly inhibited than that of oxoglutaratc 
genase (a-kctoglutaratc dehydrogenase)’’; in thiamine d 
however, toxic products may also be formed from carbohy 

Various synthetic compounds resembling thiamine in s 
such as oxythiaminc, pyrithiamine and neopytithiamin 
thiamine antagonists^®; antithiamine factors of unknown 
occur in bacteria, plants and animals (particularly in cold 
animals, where the antimetabolitc concerned is also ki 
‘thiaminase’)”. 

Requirements and deficiency symptoms 

The requirement of thiamine depends primarily on the i 
carbohydrates, although in practice it is usually related to th 
intake. In adults the minimum requirement is about 0.27- 
per 1000 kcaU®. In bottle-fed infants the maintenance dose] 
given as 0.14-0.20 mg per day^®. The Joint FAO/WHO 
Group®’ recommends a daily thiamine intake of 0.4 mg i 
kcal for infants, children, adults and pregnant and lactating 
(see page 493). The allowances of the Food and Nuttitioi 
(USA) a® (seepage 494) arc based on a daily intake of 0.5 1 
mine per 1000 kcal. The requirement of thiamine increases i 
metabolic rate. The possible presence of antithiaminc factoi 
diet must also be allowed for. 

Good sources of thiamine ate yeast, pork, liver, kidn< 
wholemeal cereals (see pages 507-508). The vitamin is pa 
sttoyed during cooking, particularly in alkaline media, bu 
affected by deep freezing’. 

The classical symptoms of vitamin Br deficiency are ia 
anorexia, nausea and vomiting. Other symptoms ate fatigue 
ness, hypotonia of the gastrointestinal tract and disturbance: 
peripheral nerves (weakness in the limbs, hyperaesthesia and 
thesia, disturbances of coordination). Emotional disturban 
also observed, such as depression, irritability and impaittr 
memory and power of concentration. 

Beriberi takes various forms according to the predomi 
symptoms : 

(a) An exudative form, in which oedema is the first sym 
This may be followed by enlargement of the heart and tighi 
heart failure with sudden death. 

(b) A ‘dry’ form in which the main symptoms arc polyn 
of peripheral degenerative type and atrophy of the muscles 
limbs. In European latitudes thiamine deficiency is marked r 
by polyneuritis ; it is seen for example in chronic alcoholis 
though this condition is probably accomp.inicd in general b; 
ciency of several of the B vitamins”. 

(c) A rare cerebral form with the symptoms of V’erxickE 
case, namely nystagmus, ocular paralysis and emotional disturb 
(irritability, sleeplessness, loss of memoty, disorientation, cc 
ulation, hallucinations), followed by loss of consciousnes 
death. This disease is seen for instance in Europe among eh 
alcoholics and occasionally in patients with cancer. 

(d) An infantile form seen in the first year of life and a ptk 
cause of the high infant mortality in southern and southe.T 
Asia ; thus between 1954 and 1958 in the Philippines 1 5 000 chi 
died each year from beriberi”. The chronic form is manifested 
slow growth rate, constipation, vomiting and oedema, the ; 
form by heart failure and death. Occasionally the symptoms re 
blc those of meningitis or encephalitis. The cause of this vit 
deficiency disease is still to some extent obscure. In most case 
mother suffers from thiamine deficiency so that the maternal 
is deficient in this vitamin; toxic substances in the milk may 
play a role”. 

Biochemically, thiamine deficiency is characterized by a low 
nar)’ concentration of the vitamin (in beriberi 0-14 pg pet 24 h 
disturbances of carbohydrate metabolism (increased blood f 
vatc and a-ketoglutaratc levels'”) and by a low tissue concentM 
of thiamine pyrophosphate (erythrocytes e-*, brain ■’®). The thw’ 
pyrophosphate content of the erythrocytes can be measure: 
means of the transkctolase activity, which in thiamine dcfien 
can be normalized by administering thiamine pyrophosplia’ 
The btochemicil changes precede the pathological symptom 
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Riboflavin 


Slritcliin wtd proptrtiti of rihoftav'm and rclaltd compounds 


Nnnics 

Formula and 

mol.wt. Structure 

1 Physical properties | Occurrence and a( 

Riboflavin 
(vitamin Bj, 
Inctofl.ivin, 
7,8-dimcthyl- 
10-[n-ribityl]- 
isoalloxazinc) 

CnHaoN^Oft 

376.37 

IjlljOH 

HOCII 

1 

HOCH - Ribityl residue 

HOCK 

1 

CHj 

Ilf 

H Isoalloxazine residue 

' H J 

0 

Orange-yellow 
needles, bitter taste, 
slightly soluble in 
water and ethanol, 
readily soluble in 
acids, stable to heat 
when dry and to acid 
media, very unstable 
to alkalis and light. 
Yellowish green 
fluorescence in 
solution 

M.p. 275-282 'C 
(decomp.) 

Constituent of f 
mononucleotidt 
flavin adenine d 
clcotide. Occurs 
free form in son 
micro-organism 
Makes up 0.5-2' 
of total riboflavi 
animal organs'*. 
Present in urine 

Flavinmono- 

nuclcotidc 

(FMN) 

(riboflavin- 

S'-phosphatc) 

See page 345 

Sec page 345 

Yellow powder, 
soluble in water 

In micro-organis 
as active group 0 
flavoproteins, am 
plants and anima' 
Makes up 5-30% 
total riboflavin ol 
animal organs'* 

Flavinadeninc 

dinuclcotidc 

(FAD) 

Sec page 345 

Sec page 345 

! 

i 

Yellow powder, 
readily soluble in 
water, insoluble in 
ethanol 

In micro-organist 
as active group oi 
flavoproteins, ."md 
plants and animal 
Makes up 70-90”.'! 
of riboflavin of 
animal organs'* 

Lumiflavin 

(7,8,10-tri- 

methyl- 

isoalloxazine) 

Ci3Hi2N402 

256,27 

CHj 

1111 

' H B 

0 

1 

Yellow crystals, only 
slightly soluble in 
water. Blue fluores- 
cence in solution 
M.p.333‘’C j 

(dccomp.) 

Formed from ribo 
fl.aTin by irradiatic 
in alkaline solutioi 
Antagonist of ribo 
flavin 

Galactoflavin 

(7,8-dimethyl- 

10-[D-dulci- 

tyl]-isoal!oxa- 

zine) 

C 18 H 22 N 4 O 7 

406.40 

CHjOH 

1 

HCOH 

1 

HOCH 1 

1 Dulcityl residue 

HOCH 

1 

HCOH 

1 

CHj 

1 1 1 1 

H IsoaUo.xaeinc residue j 

^ -H 1 

0 

Yellow crystals, 
slightly soluble in 
water 

1 

Antagonist of ribo 
lavin 


pet day, 10% of the intake is excreted; with an intake of 1.5 mg, 
about 20% is excreted, with an intake of 5-11 mg, about 60%”’ 's 
(see also page 676). The concentration of riboflavin in breast milk 
depends on the intake of the vitamin^'’. 


Function 

In the form of flavin mononucleotide (FMN) and flavun adenine 
dinuclcotidc (FAD) riboflavin forms the active group of the fi.ivo- 
proteins, enzymes with an important function m biological oxida- 
tions (see pages 402-403). Here the isoalloxazmc system acts as a 
reversible redox system. In the oxidized form (fluorescent) the 
flavoproteins take up two hydrogen atoms and pass into Icuco- 
Cr,rrryfnnn fluorescent) 1 in some reactions they take up onl> one 
hydtoU flavoproteins 


arc known among them (active group in brackets) import! 
oxidases such as aldehyde oxidase (FAD), xanthine oxidase (l Al 
L-amino .acid oxidase (FMN), D-amino acid oxidase (F.'\D), i 
hydrogenases like acyl-CoA-dchydrogcnasc (FAD) and succin. 
dehydrogenase (FAD), NAD(PjH 3 dehydrogenases (FAD), ai 
glutathione reductase (FAD). 

Riboflavin, in combination with protein, is necessary to prevc 
recurrent skin lesions such as those occurring in the comers oft 
mouth'. In eiythropoicsis, it is possibly necessary for theformati; 
or cflcctive functioning of erythropoietin 

Requirements and deficiency symptoms 

The requirement of riboflavin is usually based on the enerf 
requirement-^ but can also be related to the protein requirement' 
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Vitamin 


Striic/iirt nnd propniies of vitamin Bn and related tompomds 


Nimcs* 

Formula nncl 
mol.wt. 

Structure 

Physical properties 

1 Occurrence and 

I’yricloxinc*, 

pyridoxol* 

(iidcrniinc) 

GIIiiNOa 

169.18 

R fl = -CH20H 

“Vv" 

r " 

Colourless crystals, 
water-soluble, stable 
to heat, unstable to 
light 

M.p.l60 °C 

Particularly in 
Vitamin Be act 
for higher plar 
yeasts; only sli 
activity for bat 

Pyridoxnminc* 

CBHiaNaOfl 

168,20 

R R = -CH2NH2 

tiL J\ 

Colourless crystals, 
water-soluble, 
unstable to heat and 
light 

M.p.l93 °C 

Particularly in : 
tissues. Vitamir 
activity for mic 
organisms and I 
animals 

Pyridox.il* 

CbHsNOj 

167.17 

R R = -CHO 

1 11 

Colourless crystals, 
water-soluble, 
unstable to heat and 
light 

Particularly in a 
tissues. Vitamin 
activity for micr 
organisms and h 
animals 

Pyridoxamine 

phosphate 

CsHiaNaOsP 

248.18 

0 CHjNHj 

OH r I 


Coenzyme in 
transaminations 

Pyridoxal phos- 
phate 
(codecar- 
boxylase) 

CsHioNOsP 

247.15 

0 CHO 

HO 1 II 

1 

Yellow crystals, 
water-soluble 
M.p.>270 °C 

Particularly in 
muscle. Cocnrjm 
in dccarboxylatio 
transaminations a 
phosphorylations 

Pyridoxic acid 
(4-pyridoxic 
acid) 

CsHbNO, 

183.17 

R R = -C00H 

"“VS/"" 

' !! 

I 

1 

White crystals, 
moderately soluble 
in water 

M.p. 247 °C 

1 

Particularly in uri 
(breakdown prod 
uct). No vitamin 1 
activitj* 

Deoxypyri- 

doxine 

CbHiiNOb 

153.18 

R R = -CH3 

"“V^c/"" 

1 II 

"SS-CH3 

f 

i 

1 

1 

1 

! 

i 

Vitamin Be antag- 
onist in micro- 
organisms and 
mimals 

* Trivial names rcc 
national Union of 

ommended by the Commission on Biochcmiol NWncbmrc ofd.= Intcm.srion.d Union of Pnrr Bod .^ppbed acm.nn- snd *= Inn 

KiocUm%\iy {Bhehindhphy!.Ail<‘(Anstd^tyj,\(^^^ 
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ind excretion 

rerage daily diet contiita about 2 mg tritamin B.». Vttai^ 
ipbates from foods ace probably hydrolysed la the intestine 
iphatase* and the non-pbosphorylated compoundi^et- 
jtption m the upper Intestinal tract. Vitamin B« la formed 
the intestinal flora, though it is hardly liltely that the body 
use of this source of the wtamin'®. Excretion of eieanun^ 


leucocytes* The human body can apparently coneert a maxi- 
of 7 mg pyr idoxine per day into pyr idoxal phosphate, higher 
s of pyndoime do not cause any further increase in the pyti- 



DipenJtiiriaJ tryptophan milabelim on tht B *» 

Bcddanowsiadmw the mam breakdosm route In »iaminB, defiaency. kyn- 
nteninaae ulojctiTited more strongly than the transamuiases, which ere in- 
▼olTed in Che formation of xanthurenic aad . 



etion* 

itamin Ba is inToWed as eexftzyme in o»er 40 enzymatic re- 
«•'*. Pytidoxamine phosphate and pyndotal phosphate anas 
ixymei in ttinsaminacion reactions important fot the break- 
'n of T*«minohutytie acid m the brain and for oxalic acid met- 
!ism. Pyridoxat phosphate is the eoenzyme in the decatboiyU- 
of ammo acids and fot other reactions of ammo acids (see 
table below) Pytidoul phosphate is also mrolsed in rarious 
lions of tryptophan metabolism (see flgure), and this fact ts 
leuse of in the tryptophan loadingtest for diagnosis of vitamin 
Jeficieney** Pyridoxal phosphate is also the eoeruyme m the 
ispoct of one-carbon units from serine to letrahydrofolicacid*'. 
plays a cole m the formation of citeulacing antibodies**. It is 
1 mTolved with other cofactors in the synthesis ofd aminolaevu- 
cscid.iprccunoroftheporphyrins (haemopoiesis)" Pytidoxal 
wphate is a component of a-g!uean phosphofyUse'* It is un- 


Requiretnems and deflciency eymptoms 


In adults (he minimum requirement of pyridozme bydrochlorid 

* . •** .* . • .I'l* • 


the protein miake Ininfanis it is between 0 I and 0 5 mg per day an< 
IS dependent em (he ptotein intake (20 ug/g protein), the minimur 
requirement of children is 0 M.S mg pet day, that of adolescent 
1 5-2 iBg pet day**. The Food and Nutrition Board (USA) rec 
ommend a vitamin Bs intake of 2 0 mg per day when the datl 
pcoiein intake IS 100 got more**. The human rnamin Be requite 
ment has been the object of much discussion*’ **, it is possibl 

thatevenh,rh«e>nMk», •V a. -L. j ...it. «-» 


uie vitaininj* 

The symptCHits of vitamin Be deficiency vary greatly -with th 
species and age of the individual The great variety of deficienc 
s^piotM observed w m part due to the fact that in progressive E 
denciency not all the enzyme systems are blocked simultaneously t 


vy malts rtjslui rilk pyrtSoxamim phoiphalt and pyndoxal ^iphjli a} safastars' 


^r: 


Diaminoxidjse, i 

hiscaminase 

Senne hydroxymethyl [ 

transferase ' 

a-Gtocan phosphorybse ' 

Transaminases ) 


Syrthases 


Oxidation of diamines and histamme 


Formation of 5,10-mefhy{ene (etra- 
hydrofolic acid 
Phosphorolpis of glycogen 
ammo acid, + ketoic ictdi ietoic 
acid, 4- aminoicidt (wicballnarurilly 
occurring ammo acids) 

Formation of tryptophan from ferine 
and indole, of cysteine from aenne, of 
methvicysteine from setine and metb- 
anethiol 


Decarboxylases 

Threonine aldolase j 
Dehydratues 
Desulphydtascs 
Racemasei 


For example, decarboxylation of bisti- 
dme to histamme, tyrosine to tyramine 
dopa to dopamine, hydroxytryptophan 
to serotonin 


Breakdown of threonine to Riycmeand 
acetaldehyde 

Deamination of setine. homoserine 

threonine, rtr. ' 


Dearainatmg desulphydration of cys- 
teine and bcpTnocysteine 


ine*^cluf'*'*™‘'’°j'‘'* (alanine, 



476 


Vitamin B^- Nicotinic Acid 


the same extent*^. The following symptoms have been observed in 
experimental Ho deficiency’ ' : in rats, severe dermatitis (rat pcl- 
lagra), occasionally haemolytic anaemia and overall loss of body fat; 
in rabbits, desquamating dermatitis of the cars, mild anaemia, con- 
vulsions, creatinuria, paralytic collapse and death’®; in rhesus mon- 
keys, arteriosclerosis, dental caries, fatty degeneration or cirrhosis 
of the liver, pancreatic sclerosis, disturbances of the central nervous 
system’®; in man, (a) skin and mucosa: seborrhocic and desquam- 
ative dermatitis of the mouth and eyes which may spread to the 
face, scalp, neck and loins ; intertrigo of the breasts and inguinal 
region in women; stomatitis and glossitis; (b) nervous system: 
irritability, depression, somnolence, nausea, impairment of sensi- 
tivity to vibration and positional change; very rarely peripheral 
neuritis”. 

Spontaneous vitamin Bo deficiency is rare in man. Among 300 
infants who received only about 60 ug vitamin Bo per litre of for- 
mula milk (as a result of a new sterilization process) hypcracusis, 
nervousness and epileptiform convulsions were observed’*. Of 
possible genetic origin are the pyridoxinc-dcpcndcnt convulsions 

" ''"ical orclcctro- 

• .... lays of life and 

the following 

weeks) these arc prob.ably due to an unsatisfied vitamin Bo 
requirement or to a disturbance of vitamin Bo utilization. Similar 
causes arc probably at the root of the pyridoxine-dcficicncy anaemia 
and the pyridoxine-sensitive anaemia seen in man”’ but in 
contrast to the central nervous disturbances these arc observed al- 
most solely among adults. In pyridoxinc-deficicncy anaemia (a 
hypochromic microcytic anaemia with increased scrum iron and 
organ hacmosidcrosis) there is a disturbance of S-aminolacvuIinic 
acid synthesis, with consequent reduction in the amount of proto- 
porphyrin formed ; this disease is also probably of genetic origin. In 
pyridoxine-sensitive anaemia (symptoms as in the deficiency anae- 
mia but often including enlargement of the liver and spleen) there 
is a complex disturbance of porphyrin metabolism resembling that 
in sideroachrestic anaemia. 

It is uncertain whether vitamin B« deficiency in man causes dental 
Caries'*’ or the formation of oxalate stones in the urinary tract"*'*. 

Cystathionuria is probably due to a defect in the linkage of the 
coenzyme pyridoxal phosphate to the apoenzyme of homoserine 
dehydratase (cystathionase) 

Biochemically, vitamin Be deficiency is recognizable (a) by the 
increased excretion of xanthurenic acid and other tryptophan met- 
abolites in urine, especially following oral doses of tryptophan 
(tryptophan loading test) ” ; this disturbance of tryptophan metab- 
olism appears after only one week on a vitamin Be-deficientdiet"**; 
(b) by a lowered pyridoxal phosphate level in the blood and a 
greatly reduced vitamin Be and pyridoxic acid excretion in the 
urine"” ; (c) by a reduced transaminase content of the scrum"” and 
erythrocytes"’®; (d) by an increased urinary oxalic acid excre- 
tion "*"*• "** and a lowered urinary taurine excretion"**. 


Treatment 

When the vitamin Be deficiency is purely alimentary, daily doses 
of the vitamin at the level of the normal requirement suffice. In 
pyridoxine-dependent convulsions in infants pyridoxine should be 
given patenterally at the rate of 2-15 mg per day"**; in pyridoxine- 
deficiency anaemia the dose should be at least 10 mg per day"*’ and 
in pyridoxine-sensitive anaemia at least 500 mg per day"*'. Daily 
pyridoxine supplements of 10-15 mg may be helpful in overcoming 
disturbances of pregnancy such as severe vomiting and toxaemia, 
particularly when the diet is poor**. Pyridoxine doses of 100 mg 
have been recommended for the treatment of radiation sickness*’. 
The success of treatment with pyridoxine is conditional on there 
being no disturbance of the conversion into pyridoxal (by the action 
of pyridoxine dehydrogenase) in the body*. 
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Nicotinic acid'^-^ (for references see page 478) 

Chemistry 

For structure and properties of nicotinic acid and rcbtcc 
pounds see the table opposite. 

Assay 

Biological^. Black tongue curative test in dogs, growth 
chicks. 

Microbiological^ , W’ith Lactobacillsis plantarun (earlier L.arab 
or Tctrahymcr.a pyriformis for nicotinic acid and nicotinamide 

Chemtcal^. In pure solution spcctrophotomctricilly, pol.iroj 
ically, by m.ass analysis, colorimctricilly by the bromcy.ai 
(Konig) rc.action or fluoromctrically (the latter method p.artic 
suitable for organs). Nicotinic acid and its metabolites c.an b 
arated by cliromatogr.iphic methods. NAD and NADP im 
hydrolysed before being determined as nicotinic acid; they c 
estiimtcd directly by the spcctrophotomctricorfluorimctricmi 
through their blue fluorescence in alkaline solution. 

Unit 

No international unit; by weight. 

Biogenesis 7'^ 

In plants nicotinic acid arises by condensation of 3- and 
units. In animals, fungi and a few b.ictcria (for instance, A< 
moncs prwii) nicotinic acid is formed from tr^-ptophan by the a 
of thiamine, riboflavin and vitamin Be (see di.aqram on pace 
It is less likely that nicotinamide is formed directly from nice 
acid than by the hydfoI}-sts of nicotin.amidc dinuclcotidcs. j 

compounds arc formed in erythrocytes, liver, yeast, etc. in ai 
d.ancc with the following scheme: 



Nicotinic Acid 
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S-Phosphofibosyl 
1. pyrophosphate 

cotmj’c acid " — ■ » Nicotmic acid mononucleotide 

I ATP 

Nicotinic acid adenine dmudeotide 
(Dcamido-NAD) I 

NIU 

iiccpiinitTi'de adenine ♦^^Z-Nicotinatnide adenine dmudeotide 
inucleoiide phosphite (NAD) 


Kid or ttyrptopban raise thedinucleotidecontentoftheerythrocytes. 
In the form ofdmucleotides, nicotinic acid occufs in il! tissues, 
particularly the liver The human liver contains on the average 
65 tne nicotinic acid". 

la the liver, nicotinamide but not nicotmic acid is methylated 
to l-methylnicotinatnide with .f-adcnosylmethionine as methyl- 


ike and excretion 

n the USA the daily iverace diet contains about 500-1000 mg 
’tophao and 8-17 mg mcot mic acid • Nicotmic acid and irypto- 
n are tcadily absorbed m the intestinal tract Nicotinic acid is 


glyanc (as nicotinuric acid) 


Function 

The active forms of nicotmic acid are the nicotinamide dmucleo- 
tides NAD and NADP These are coenaymes fcosubsttates) of 


reaction with oxvgen to form water (oxidative phosphorylation), 
for details see pages 403-404 

N’leotiOK acid but not nicotmamide has an inhibiting effect at 
high dosage on the synthesis of lipids, particuUdv eholestetol, but 


•« '»r» t»JprtpfHut »f mithnu t\ii tnj nlihi tampoiinJ$ 


CompuunJ 

rocieula I'll] ' 

5>iiKiwr« 

Phjrtieat ptopertici 

Oeeurrenee and activity 

xirotmie acid* 

(niaem, pyridine- 
3-catbotvlie acid, 
vitamin PP) 

CtiliNOi 1 
123 11 [ 


VC hue crystals, scid taste, 
moderately soluble us water 
and ethanol, stable to heat 
and oxidation 

M p 234-237 *C 

In plant and animal tissues , 
component of NAD and 
NADP 

Sieoiimmidc* 

(nicotmic leid amide, 
niaciiumid'e, pvtidine- 
3-catboxvlvfflide, 
vinmifi PP) 

C.H.NiO 

122 13 

V“ 

VCTiite crystals, talty tiste, 
solublem water and ethanol, 
arable to heat and oxidition 
M p 12«-t3l‘C 

In plant and animal tissues, 
component of NAD and 
NADP 

1 MethylmcotinimiJe 
(.Vi meihvloicotinimide) 

C,II,N,0 

137 16 



In urine, metabolite of 
nicotmic acid 



1 

CH, 



1 \tethvl-6-pyridnnc- 
\<atboxvlamiJe 
(.Vi methyl 2-pvtidone- 
^-cafboaylJm1de> 

c.n,s,0( 

1J2 15 


White crystals, soluble m 
w ater and ethsnol 

M p 212-214 ‘C 

In urine, metabolite of 
ntcoiinic acid 

dmuclei'iiJe 

(N \D , reduced form 

5eepjge34t 

See page 344 

Colourless pow der, soluble 
inwawt, insoluble m 
ethsnol 

In all animal and phnt cells , 
eoenzymeofmany dehydro- 
genises 

Nicotmimide adenine 
dioucleotije phcMipbite 
{\'\DP. reduced form 
NADPH,! 

5ce pipe 344 

See pige 344 

Cokniiless powder, toWh'e 
in water, insoluble in 
ethanol 

In all animal and plant cells , 
coenaymeofminyilehydrri- 
pemses 

• Ttr«ul rum,. 

Sr-rr*-' A 

na !Vu<henucal Nrsmenelature oTilw tncemaiirvul Umnn nf Pure anJ 
inWv) 

Applied Oiemuirf an J <Ke 
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Nicotinic Acid - Folic Acid Group 


tile mcclinnism of this effect is obscure’^; the primary action of 
nicotinic acid is possibly the liberation of free fatty acids blocked in 
the tissues'"'. 

Rcqiilrcmcnta and deficiency symptoms 

The nicotinic acid requirement can also be met by tryptophan, 
60 mg of which corresponds to 1 mg nicotinic acid. The require- 
ment of nicotinic acid depends on the caloric intake. The minimum 
requirement for preventing pellagra is 4.4 mg per 1000 kcal, or 9 mg 
for adults whose daily caloric intake is below 2000 kcal®. For 
children and adults the Food and Nutrition Board (USA)® rec- 
ommend a daily intake of 6.6 mg per 1000 kcal ; during pregnancy 
this shotdd be increased by 2 mg per day, during lactation by 7 mg 
per day (see page 494). The same daily int.akc of 6.6 mg/1000 kcal 
for children and adults is recommended by the Joint FAO/WHO 
Expert Group*® (sec page 493); for infants the latter accept that 
breast feeding by well-nourished mothers will supply adequate nia- 
cin equivalents. 

Good sources of nicotinic acid arc yeast, liver, lean meat, ground- 
nuts and leguminous plants (sec pages 499-515). Plant proteins con- 
tain 0.8-1. 4% tryptophan, animal protcinsabout 1,3% (seep.age516). 
Maize is low in both nicotinic acid and tryptophan; nicotinic acid 
is also present in the combined form so that it is not available to 
the organism' ®. During the roasting of coffee considerable amounts 
of nicotinic acid are formed from trigonelline'®. 

Nicotinic acid deficiency causes pellagra, the development of 
which is favoured by sunlight and heavy physical work. Alimentary 
nicotinic acid deficiency is common in areas where maize constitutes 
the principal foodstuff. Pellagra occasionally occurs in chronic 
alcoholism, cirrhosis of the liver, chronic diarrhoea, diabetes and 
neoplasias. In the presence of carcinoid tumours up to 60% (nor- 
mally 1%) of the body’s tryptophan is converted into serotonin, so 
that it is no longer available as a source of nicotinic acid'®. Treat- 
ment with isoniazid can cause inhibition of the activity of pyridoxal 
phosphate and thus interfere with the synthesis of nicotinic acid 
from tryptophan. This synthesis is possibly also impaired by diets 
containing large amounts of leucine'®. 

The following arc the symptoms of pellagra: (a) A dark red 
erythema appearing symmetrically on the extremities, face, neck 
and ail other regions exposed to air and light; the skin finally be- 
comes dry, fissured, atrophic and brown-coloured. The lesions are 
marked by atrophy of the superficial layers of the cotium with 
dilatation of the blood vessels, kcratinization of the epidermis and 
a tendency for the latter to separate from the corium. Wounds of 
any kind exacerbate these symptoms, (b) Chronic inflammation of 
the mucosa and intestinal tract (stomatitis, glossitis, gastritis with 
low acid secretion) ; profuse and often bloody diarrhoea, (c) Emo- 
tional disturbances (delirium, hallucinations, confused mental 
states). Neurological disturbances, if present, are probably due to 
simultaneous deficiency of other vitamins since these symptoms 
have not been observed in experimental nicotinic acid deficiency®. 

The biochemical signs of nicotinic acid deficiency are the follow- 
ing: in pellagra a urinary excretion of 1-mcthylnicotinamidc plus 
l-mcthyl-2-pyridonccarboxylamide of usually less than 2 mg per 
day. Within 30-60 days the excretion of these metabolites falls to a 
minimum value and then remains constant; shortly after this mini- 
mum value is reached, the first clinical signs of deficiency appear®. 
On a standard diet (10 mg nicotinic acid plus 1000 mg tryptophan) 
the excretion of nicotinic acid metabolites is less than 3.0 mg in 
pellagra patients and 7-37 mg in healthy persons'®. In nicotinic 
acid deficiency the concentration of nicotinamide dinuclcotidcs in 
the muscles and liver falls, but not that in the erythrocytes®- ®°. 
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Folic acid group'"® 

Chemistry' 

For structure and properties of folic acid and related 
see the table on pages 480^8 1. 

Assay 

Biological. Curative test on chickens®. 

Microbiological’’ ®. With Lactobacillus casei\toti\ folica 
pteroylglutamic acid, pteroyltriglutamic acid and hi; 
gates, reduced folic acid including 5-methyltetrahydtc 
tamic acid) ; with Streptococcus faecalis (pteroylglutamic a^ 
folic acid, but not 5-methyltetrahydroptcroylgIutamic 
Pcdiococcus cererisiae (reduced folic acid). In biologic 
particularly foodstuffs, the conjugates can also be bt' 
enzymatically. 

Chemical. Photometrically after fission with zinc oi 
permanganate and subsequent diazotization; in pure S( 
spcctrophotomctrically or polarographically. 

Units 

No international unit; by weight. 

Biogenesis® 

Folic acid is synthesized by higher plants, by micro 
(intestinal flora) and in animal tissues ®, probably in accoi 
the following scheme : 

Purines ► Pteridines ► Pyrophosphate ester 

2-amino-4-hydroxy-( 

hydroxj-methyldihyd 

-f /-Aminobci 
Dihydroptcroic acid 


Treatment 

In severe nicotinic acid deficiency', 300-500 mg nicotinamide 
should be given in daily oral doses of 50-100 mg ; if there is difficulty- 
in swallowing, 100 mg nicotinamide should be given three times 
per day intramuscularly®. Nicotinic acid should not be given intra- 
venously in doses exceeding 25 mg owing to the danger of ana- 
nhvlactic shock. In high doses nicotinic acid but not nicotinamide 
causes marked dilatation of the vessels and particularly of the capil- 
laries and vessels of the upper half of the body ; this is of thcra^utic 
use in disturbances of the peripheral circulation Nicotm.c acid can 
be used to lower the serum cholesterol level and for this purpose is 
usually given at the rate of 1 g three times per day® . 


I + Glutamic ac 

Tctrahydrofolic acid •< — ^ Dihydrofolic add 

hydrofolatc 

dehydrogenase 

Folic add 

The biosynthesis of dihydrofolic acid is inhibited by 
amides'®. Folic acid antagonists like aminoptcrin and i 
with a structure resembling pyramidine (c.g., primidone 
methamine) inhibit tctr.ihydrofo!atc dehydrogenase and tl 
formation of tctrahydrofolic acid. 


LDSMITif G A ■ in Bi^ton and Mcl Ienry (Eds.), Nutrition, vol.2. Aca- 
nic Pres"; N;wYoik, 1964, page iro 


Intake and excretion 

In USA the daily diet contains about 150-200 ug 
activity” - '®; this includes only about 20 pg ptcroylglut.aii 



olic acid conjugates ate hydrolysed m the upper intestinal 
Both the folic acid derived from the diet and that formed by 
testinjl flora are actively absorbed in all pares of the small m- 
5. Urge amounts also diffuse passively through the tntntuu] 


, the exogenous tohc acid I's reduced in the tissues and ttorcd 
all amounts. The total folic acid content of the human body 
een estimated at 12-15 mg’*, of this amount about 7 mg la 
ined m the Itver'^. In serum'* erythrocytes** and liver*', 
acid IS predominantly present in the form of 5-methylteira. 
>pteroylg!utamie acid. The body’s stores are probably suffi* 


Good sources of folic acid are liver, kidneys, dark-green Icjf 
vegetables.ycast (see pages 495-515). The folic acid content of fresh 
breast and cow’s milk is sufficient to meet the requirement in in. 
fanc]r**.rolK:acidiSTerysensitive to heat and 50-95% ofiheactiv. 
Ity IS destroyed by cooking. 

Defidencjr**-*' 

The following are causes of folic acid deficiency 

(a) Inadequate dietary intake {infants, alcoholics, cirrhotic pitientj^ 

(b) Dtstutbancesofintestinalabsorption(in.ilabsorption8yndromo 
resection of the tejunum. haemochromatosis) 


Adiily intake of 5 tag folic acid or less results in deflciency of the 
vitamin**. The clinical symptoms are megtlobhstosis of the botie 
marrow, mtcrocync aniemia, leucopenia, excessive segmentatioi] 
of ihe leucocytes, ihronibocytopcnia, glossitis and gastromtestiaj] 


trahydrofolic acid (UirteGlu) is an important tamer of one- 
in units. Thete units arise mainly from histidine and serine and 
tquired for the synthesis of purines and methmniiK (see the 
ne below and pages 433 and 436) 

I account of the importance of folic acid for purine and nucleic 
lymhesis it is understandable that the vitamin should play an 


uircmcnis 

lefoliescid requirement is not known for certain** The daily 
mum requitement of adults <s ptobably about $0 ug. an amount 
:ieni to maintain the serum level** Infants have a minimum 
irement of about 5-20 uR** more*’ The lequitement isin- 
led m pregnancy (possibly 200-400 ug per day m the 3fd tri- 
er w hen there is ■ deficiency of folate**) The Food and Nutii- 
Board (I'SA)** recommend a daily intjkeof04mgforadults. 
igforpregtuni women.indO Smgfor lactating women, these 

imounts determined in foods by L*<i'.ibitiU0i tatu asuy (sec 

494 > 


I Loweredserumfolieacidlevel {< 7-J6 (ig/l) . 2wefkt 
Excessive tegmenuiion of the leucocytes 6-tO weeks 

Increased excretion of formiminoglutamie acid 12-18 weeks 
Lowered erythrocyte folte acid content . 17 weeks 

Macroellipiocytosis . 18 weeks 

Megvloblastosisof the bone marrow . , 19 weeks 

Macrocytic anaemia . . 20 weeks 



Secondary folic achl deficiency m vitamin Bn deficiency Is prob- 
ably due to blocking of tetrabydroFotic acid regeneration from 
S-methrliecfahydrofolie aeict a step requiting vitamin Bn'* 



1 of the vitamin 




ured to prevem the appearance of anjcmia in pitients with 
■nm Bi, deiiciencv but are laijequtte to protcei the nervous 
••m fiv-m subacute dcecnerafive chance, as *» In weat^t 
loving folic acid antagoni't* (cancer) folic acid shogU be 
n in reduced form (for esimple as fo'i-nic acidl*^ Duroig 
■na-CT. prophvbctic d.'ses of 0 1-0 5 t^g folic acid ate recom- 
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Folic Acid Group 
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Vitamin Bu group (corrinoids)L2 (for references sec page 485) 
Chemistry® 

All the complete Bia vitamins contain an a-glycosidic nucleotide. 
The imidazole nitrogen atom of this nucleotide can become co- 
ordinated under suitable conditions with the cobalt atom. In tbe 
case of the incomplete types either the alkanolamine and nucleotide 


portion, or simply the latter, is lacking ; in some cases t 
portion is 3-glycosidic, when the imidazole nitrogen 
become co-ordinated with the cobalt atom. The Bia co 
respond to the complete Bu types but in place of the ino 
they possess an organic group linked directly via a ca; 
the cobalt atom. The complete and incomplete Bie type 
to light and oxygen ate presumably artefacts of the Bi 


R-Cobin- 

amide 


R-Cobyric acid 
abedeg-hexamide 





Alkanolamine ^ NH CH^'CH CHjI 





HOCH. 


R = CN Cyan 

R==0H Hydi 

R=H20 Aqu( 

R — ONO Nitri 

R = 5'-Dcoxv- Coen 
adenosyl 


R*CH, 


Mcth 


Nucleotide 


R-Cobalamin 

(without imidazole group: 

R-cobamide) 


Names* 

Formula and 
mol.wt. 

Physical properties 

Occurrence and biological 
properties 

Vitamin Bis 

(cyanocobalamin, 

5,6-dimcthylbenzimid- 

azolylcyanocobamide) 

CssHssNuOuPCo 

1355.40 

Complete Bit 

Red needles, stable on heating 
several hours at 100 ®Ca 

Spectral absorption in water: 
maxima at 278, 361, 550 nm 

Occurs in nature as coenzyme. Ca 
latcd from animal tissues, many s 
bacteria, sewage sludge, nctivntcc 
Stimulates maturation of cty'thrc 
bone marrow; acts as crJmal prof 
in animals; promotes growth < 
micro-organisms 

,hc commission on """ O'— 

n3tionalUnionofBiochemi5tty[/?i«Ai«.f«’y<7L^f'‘’f^™f-A 117. 28a (1966)). 




Vitamfn B,, Group 

(F« ttCcicocci ice p«ge 485} 


4S3 


Names* 

! Formula and 

Physical pcopemei 

Occurrence ind biological 
propernca 

obalamin 

mm Biib, 

limethylbenzimid- 

'Uquocobamide) 

(ocobaUmm 

■mm n,,.. 

iimethylbenjimid- 

tlhydtOTOCo- 

ide) 

CailUiNisOisPCo 

1347.30 

Redneedles,aquo fonn in neu- 
tral solution, hydrozo form in 
alkaline soluticn 

Spectral absorption in water: 
maxima at 274, 3S0, S22 tun 

Act itity asfot cyanocobalamin, depot form 
in the human body 

lyfbenaimidaiofjf- I 
ocobamide | 


Red needles 

1 

In teuage sludge and actjyaced sludge. Rep- 
resents ttto-thirdi of the cyanocobalamin 
ictiTity m pecmcious anaemia 

aidiaolylcytnoc^ | 
ide 


Red needles 

Insewagesludgeandactiyated sludge Rep- 
tesents tsao-thirds of the cyanocobalamin 
activity in pernicious anaemia 

roiybenaimidazolyl- j 
loeobamide 1 

tor III) 


Red needles 

Inactirated sludge, weakly actire in perni- 
cious anaemia 

sTiiamin Bn 
nmeeyano- 
imide) 

^ 1 Red needles 

1 

Inactirated sludge, faeces, stomach con- 
tents of rummanta, inaecise m petmelous 
anaemia 

liyUdenmeeyan^ 

imide 

riorA) 

1 Red needles 

1 

1 

InartiTated sludge, faeces, stomach con- 
tents of ruminants, vety weakly aeiiTe itt 
pernicious anaemia 



hutmpUtt Ria typtt 


'obatamm 

;I0( B, eyanoeo* 

imide) 

1 

1 

Amorphous | 

i 

Intctivaied tludge, faeces, stomach con- 
tents ofruminams; antagonist ofcayanoco- 
balamin m the chick test 



Ria 


afyidenosyleoba/- 

rnayme Pis' 


Oranpe-yeMow platelets, 
photoiensiiitc 

In manyspeereiofbaeteria, its animal t/ssuee 
(mainly liter) Biochemically actise form 
of vitamin Du Growth promoting-activity 
for micto-of (Tinism* and chicks , activity in 
pemKioui anaemia at for cyanocobalamin, 
depot action In the human body 

ilcobaUmm 

■ 

OrinKe-yellow plateleH, j 

pftotosensitiTC f 

1 

In animal tissues (liter), blood serum. 
Cbeniyme function j 

ai nacxes rtc'xi'menjcj bt ihe Om^issinn on Pioabtrrartl Nomenclacure of iKc loiernationalCmon of Pure and Applied Qiemlifry and the Inter- 
il t.n»-oM BiochemiitrylA-.i— -4/M »5 {1«4IJ 


Unit 


hf.'rfiKjj’ * W iihhsctrtij 

■«eijtlo-Titj'mn Hii\ (cobiljmini, 

•ifirrun \\ ilh protoroj / 

Ti'i'rn Pii\ mj '\jmrmii (cobjIitTimt ocilj) 

I J.'* Spfctrophotffrtttica’lv or p’lirojftjphrfjlly m pure 
. »epiritnifi of if’e uiJiviJj*! compc’unU* Kt couruer- 
d ’^u«i'>n. eola-rn cbromjtocrrphY or ion e«Kjnpe 
■f J iw'W Trceinc of YitiTin Bi* •’Co, ••Co 


>;oin(errurional unit . by «iRht lyg Yitimin Bn - 1 1 000 li^ 
/«•/«» Do«si») Unni - j USP Unit finer 
1 tSP Unit n the duly dk>w that product) > clinically ind , 

lofticallyiatnfictory M'porne m true penuciom anaemia F 
standpoint of actniry. lOOO LLD Uniti correspond* tx. 

I Pil ^a Kotsd liter ciiract 

rc»* ' Reference Preparation see pape 
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Vitamin Group 


Biogenesis®' ^ 

Vitamin Bis is synthesized by many species of bacteria, in partic- 
ular tile propionibacteria and Atrobadtr aerogems. It is possibiy also 
formed in animal tissues®. 

The biosynthesis is in accordance roughly with the following 
scheme; 



GDP-Cobinamide 


|5,6-Dimethylbenzimidazole riboside 
Vitamin Bja 


This process results in formation of the coenzyme forms of the 
vitamin ; cyanocobalamin and hydtoxocobalamin ate probably only 
artefacts®; they can, however, be converted in animal tissues into 
the coenzymes; 

CN 5'-Deoxyadenosyl 

\ 1 / FMhlHi I 

I \ ATP, RSH I 


Intake and excretion 

InthcUSAthc average daily diet contains 15-30 ggvitaminBij'®, 
of which perhaps 5 gg is absorbed. According to Heinrich and 
Wolfsteller'®, of any dose of vitamin Bu, 1.5 gg is absorbed in 
the ileum with the aid of the so-called intrimic factor, a mucoprotein 
of the gastric juice" ; transport through the intestinal wail probably 
takes place together with the intrinsic factor'®. In addition, there 
is passive diffusion through the intestinal wall'^ to an extent that 
increases logarithmically with increasing size of the dose up to a 
limiting value of 0.9% of the dose'®. On a normal diet and three 
meals a day this means that 2-5 gg or mote of vitamin Bis is absorbed 
daily'® (sec the figure below). Cyanocobalamin is rather more easily 
absorbed than coenzyme Bu'®. Some 10-15 gg vitamin Bu is syn- 
thesized daily by bacteria in the human large intestine, and about 
the same quantity is excreted daily in the faeces ; whether any of the 
quantity formed by bacterial synthesis is absorbed is doubtful". 

The vitamin Biz content of the scrum lies in the range 100-900 
ng/1 (sec page 610) ; here the vitamin is mainly present as methylco- 
balamin, about 80% being bound to a-globulins (transcobalamin I). 
Exogenous vitamin Biz becomes bound for a short time to 3-gIobu- 
lin (transcobalamin II)’®. The half-life of intravenously adminis- 
tered cyanocobalamin in the serum is about 6 days'®. Small doses 
of a few microgrammes of vitamin Biz are retained in the body but 
doses of a few milligrammes are rapidly excreted in the urine. Hydro- 
xocobalamin given parenterally is retained in the body longer than 
cyanocobalamin or coenzyme Biz'®, In the tissues the vitamin is 
probably stored as the coenzyme. The total body stores of the 
vitamin have been estimated at 2-5 mg (range 1-11 mg)’-'^-'®. 
The liver contains about 0.8 mg vitamin Biz ®° (the biological half- 
life of the vitamin in the liver is about 12 months’®). 0.1% of the 
body’s stores of vitamin Biz is excreted daily’®. These stores prob- 
ably suffice to prevent the appearance of clinical deficiency symp- 
toms for 3-8 years ’• ' ®. Excretion of the vitamin is almost solely in the 
bile (see page 655), only very small amounts being found in the urine 
(0-0.27 gg per day)'. On Schilling’s excretion test see pages 2S9 
and 485. 


Distribution of the totai intestinal vitamin Bn absorption in healthy persons between absorption dependent on the intrinsic factor and absorption dependent 
on diffusion'^ 




486 


Biotin 


Biotin' 

Chemistry 

For structure nnd properties of biotin and related compounds sec 
the table below. 

Assay 

Biological^ > With Saccharomycts cereoisiac, Laclobacilliis casei, Lacto- 
bacillus arabitiosiis, Nturospora crassa, etc. ; in biological fluids prefer- 
ably with Ochromonas danica, 

Chemical. No methods in common use. 

Unit 

No international unit; by weight. 1 avidine unit = the smallest 
quantity that completely suppresses the growth-promoting effect 
in yeast of 1 ng biotin'*. 

Biogenesis^-® 

Biotin is synthesized in plants (particularly in sprouting seeds) 
and various micro-organisms.Thusy4r/jro/:i;oi>flr/<r forms biotin from 
pimciyl-cocnzymc A, cysteine and carbamyl phosphate; pimclyl- 
coenzyme A is formed from 3 molecules of malonyl-coenzyme A®. 


The carboxyl group of biotin is covalent and boimd to the lysine 
residue of a protein. Biocytin is formed by the action of a proteinase 
on protein-bound biotin. 

Intake and excretion 

Biotin is formed by the intestinal flora in such large quantities 
that it is excreted in the faeces in an amount 2-5 times greater than 
the dietary intake^. The body appears to be capable of utilizing 
biotin formed in the intestine but to an unknown extent. The avi- 
dinc present in taw egg-albumin combines with biotin, thus ren- 
dering it useless for the organism. 

Biotin has been detected in whole blood and scrum (see page 611) 
and in urine (see page 676). Small quantities arc stored in the liver 
(about 0.2 mg) and in the brain®- ® (blood vessels 3-5 ng/g®). In the 
liver, biotin is mostly bound to protein (in rats 90%®). Little is 
known of the metabolism of biotin. In tats given injections of biotin 
16% was found 4 hours later in the liver and 30%i was excreted®. 

Function® 

Biotin is essential for warm-blooded animals and some micro- 
organisms. It acts as coenzyme in COj-fixation and transcarboxyl- 
ation reactions. 


Structure and properties of biotin and related compounds 


Names 

Fotmuh and 
mol.wt 

Structure 

Physical properties 

Occurrence 

ActiTity 

Biotin, 

(/-biotin 

CioHiaNaOaS 

244.31 

0 

1 1 
jlH 

'^CHj'CHyCHyCHj'COOH 

White needles, 
stable to heat, 
unstable to acids 
and alkalis 

M.p. 230-232 °C 
la]“ + 91°in 
0.1-N NaOH 

Various micro- 
organisms, for 
example yeasts, 
animal tissues, 
particularly 
liver, egg-yolk, 
plants 

Growth factor 
for many 
bacteria, proto- 
zoa and probably 
all higher 
animals 

-- 

Biocytin, 

(/-biocytin 

(e-IV-biotinyl- 

L-lysine) 

Ci.HseNiO.S 

372.49 

0 

H Cs. CH 1 

'^(CHjIyCO NH(CH2)4CH COOH 

M.p. 245-252 

1 Ywsts 

Growth factor 
for various 
micro-organisms 

Biotin 

sulphoxide, 
(/-biotin 1- 
sulphoxide 
(AN factor) 

CioHifiNaO^S 

260.31 

A 

HC CH 

h,iL In 

— CHjCHyCH^-CKj'COOH 


Cultures of 
Aspergillus 
niger and 

Phycomyces 

blakesleeanus 

( 

i 

Growth factor 
for Neurospora 
crassa 

j 

i 

Oxybiotin 

(oxobiotin) 

CioHisN204 

226.25 

0 

hn-^^nh 

1 1, 



COOH 

M.p. 205-207 °C 

j 

i 

i 

1 


5-30% ofactiv- | 
ity of biotin® j 

1 

1 

i 

I'-AI-Gitboxy- 

biotin 

(COr-biotin) 

CjiHuNsOsS 

288.33 

hooc^,A,„ 

i |h 

HjL In 

"-(CHjljCOOH 

1 

i 

i 

j 

t 

1 

1 

( 

1 

Unstable 

intermediate 

1 

1 

j 

Active form of ■ 
COj in car- I 

boxylitions 

( 

1 

t 










Biotin - Pantc 


BiqIix 


rnzyine 

Reaction caolyseJ 

Oceuneocc 

Aeety l-CoA- 
carbozylase 

ac<tyl-CoA+HCOr+ 
ATP ma!onyl-CoA+ 
ADP+P 

Aticro-organisim, 
chicken liver 

^Methylcrc>- 
tonyl CoA- 
catbMDxytase 

B-rnethylcrotonyl-CoA + 
nCOr+ATPyi 

(S-inethylgluiaeonyl-CoA 

+ADP+P 

Micro-orgaiusma, 
tat livte mno- 

chondtia 

Propionyl-CoA- 

carboxylase 

ptopionyl CoA + HCOi 
-b ATP 5=a methylmalo- 
nyl-CoA-bADP+P 

Swine heart, 
ox liter 
mitochondria 

Methylmalonyl- 

CoA<atboxyl- 

Iransfcrase 

methylmalonyl-&)A-b 
pyruvate propionyl- 
CoA + ozalacetate 

Pcopionibacteria, 
ikelctal muscle 
ofdogi 

pyruvate 

catboaylase 

pyruvate +HCO|’+ ATP 
vaoaalicetate + ADP + P 

Micio-o^rusms, 
liver mito- 

chonjtta, rabbit 


ThecarboxyUtion reactions catatysed by the biotin eniymes ha*c 
the general form 


Piotmeniytne + COs t-ATl's 


CO* biotin enayme + \ 


CO*-biotin enzyme + ADP+ P 
"is^ Biotin enzyme + CO«'.Y 


tn important role m many other eeactions m v hieh, hov>evet, it acts 
only tn an indirect manner Examples of such reactions are the 
deamination of aspartate, aenne and threonine m bacteru. deamm* 
iiion of serine in animals, cedueiite earboxylattort of pyruvate. 
cathosyUtion of phosphocnol pyruvate, caibamylation reacitons. 
tryptophan metabolism, purine synthesis, protein synthesis and 
eathohydrate metabolism 

Certain biotm homologues (hnmo<isybiortn, biotmsulphonc.in 
« hich the sulphur atom <• replaced by a sulphone group)act as anti* 
yitammi'^ 

Requirements and deficiency symptoms 

Thehiotin requirement of man is unknown IneiperimemalbiO- 
tm deficiency, doses of lS<>~J00|ig pet day luihced to suppress the 
deticiency symptoms'^ (his amount is provided by » noetiul 
diet" 

bobstances rich in b'otm ate lieer, kidneys, yeast ami egg-yolk, 
the yitimin is also present m yegctables, nuts and ceteals (see pages 
OS-SlS) 

Dionn deficiency is manifested’* in nervous disturbances (rats. 
piKs. chickens, many, hyperkeratosis (tatsl.sehotrhoeicdemutiils 
(man), Iciss of hair (rsts, mice), loss of hair pigment (rats. cnKc) 
Faperimentil bioim dehciency m man results m lethargy, loss 
appetite, nausea. moscuUt pim and localized panesthtsia'C Spots- 
taneous bioi in deficiency has been reported following a diet rKhm 
raa ecss” ’•andalsoappearstubesssociaredwichiiTeteirihosis'*. 


Tfeatsnew 

Piotin has been used to treat seborfhoeie dermatitis in young 
children (Lcivta'i disease) “.which is possibly due to a drficsnscy 
of biotin in the breast milk together with loss of the yitamm due 
to persistent d atthoea 
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Pantothenic Acid 


Structure and properties of puntotheuic odd and related cotupoutidt 


Compound 

Formula and 
mol.wi. 

Structure 

Physical properties 

Occurrence and activi 

Pantothenic acid 
(v.l+]-N.[ct,r- 
dihydroxy-pp-dimeth- 
ylbutytyli-p-alaninc, 
chick .antidermatitis 
factor) 

C 0 H 17 NO 5 

219.24 

C113 

HOCH^-^HCONHCHj-CHj-COOH 

diij OH p-Alaninc 
residue 

Yeilow oil, unstable 
to heat, acids and 
alkalis 
[a]y+37.5° 

Calcium salt: white 
crystals, stable to 
heat 

Widely distributed in 
plants and animals. 
Growth factor for ye; 
many other micro- 
organisms and ail hig! 
animals; component c 
coenzyme A 

Pantothcnyl .alcohol 
(p.anthcnol, Ai-pantoyl- 
3-propanolaminc) 

CaHi.NO^ 

205.26 

CHj 

HflCH^MNHCKjCHj-CHjOH 

4 OH 

Viscous liquid 

Hi? 4-29.5° 

Synthetic. Shows S6% 
of activity of pantothe 
acid in the chick test® 

Pantethein 

(A7-pantothcnyl-P- 

aminoethanethiol) 

CiiH2aN204S 

278.37 

CHj 

HO CH^CH CO NH CHyCHyCONH CHyCHySH 
4 OH 

Amorphous powder 
soluble in water 

Growth factor for 
Lactobadilns bulgaricus 

Coenzyme A 
(CoA) 

C2iH36N70i6P3S 

767.54 

See page 345 

Colourless powder 
soluble in water 

Widely distributed in 
micro-organisms, plants 
and animals. Sec .also te: 
and page 345 


intestine, though it is not known whether the body makes use of this 
source. The pantothenic acid content of whole blood is ca. 0.2-2 
mg/1 (see page 611), that of the spinal fluid about the same (see page 
639). Urinary excretion of the vitamin amounts to 0.76-4.1 mg/H 
(see also page 676). Four hours after giving a test dose of the vi- 
tamin there is a sharp rise in the blood and urine levels®. In blood 
and spinal fluid pantothenic acid is in the conjugated form, whereas 
in the urine it is in the free form®. The excretion in the faeces is very 
variable and depends on the nature of the diet. 

Coenzyme A is not present in the circulating blood and appears 
to pass the cell membrane only with difficulty. It is probably formed 
within the cell when required. Coenzyme A occurs mainly in the 
following organs (in order of decreasing concentration): liver, 
adrenals, kidneys, brain, heart, testes. The pantothenic acid content 
of the human liver amounts to 28 mg, mainly as coenzyme A®. 

Function 

The importance of pantothenic acid in metabolism is explained 
by its presence in coenzyme A. In the form of acetyl-cocnzymc A 
(‘active acetic acid’) it is responsible for transport of ta-o-carbon 
and other acyl groups (see page 345). Coenzyme A is involved in 
the following reactions: formation of citrate from oxalacctate and 
acetate (pages 390 and 424), oxidation of pyruvate (page 391), oxi- 
dation of a-ketoglutara te (page 390), oxidation and synthesis of fatty 
acids (pages 391 and 424), synthesis of triglycerides (page 426), 
phospholipids (page 425) and cholesterol (page 426), acetylation 
of amines (page 444), choline (page 434) and glucosamine (sec 
page 424). Pantothenic acid plays an important part in the activity 
of the adrenal cortex'® since the corticosteroids arc formed from 
the cholesterol synthesized with the participation of coenzyme A 
tmoe 49.91. 


Requirements and deficiency symptoms 

The human pantothenic acid requirement is unknown, but 
children and adults it is probably met by an intake of 5-10 mg { 
day' ', an amount normally present in the diet. The requirements 
children arc lower in accordance with their smaller intake of cal 
ties'®. 

Pantothenic acid is present in almost all vegetables, cereals ai 
animal foods. Good sources of the vit.amin arc yeast, liver, kidoe; 
heart (sec pages 499-515) and particularly the jelly queen bees a 
fed on (royal jelly), containing 110-320 gg/g'®. 

Pantothenic acid is so widely distributed in foods that dcficicn 
is practically unknown in man. Deficiency symptoms in animals a 
degeneration of the neuromuscular structures and adrenal insuf 
cicncy, and death may ensue. An experimental deficiency has bci 
produced in man by means of a diet low in the vitamin togeth 
with doses of the antagonist n-mctbylpantothcnic acid’’', with ti 
following symptoms : mild fatigue, headache, sleeplessness, nause 
epigastric pain, paraesthesia of the limbs, muscle spasms and cc 
ordination distutb.ances; other signs were absence of the eosint 
philc reaction of the blood to ACTH and an increased sensitivity I 
insulin. The pantothenic acid deficiency was evidenced by the ti 
duced acetylating capacity of the blood after administration of su 
phanilamidc or para-aminobenzoic acid. 

Treatment 

The so-called ‘burning feet’ syndrome has been tre" 
pantothenic acid'®, though it is not certain that thi^ - 
solely due to pantothenic acid deficiency. Pantotl- ■ ' 
reported to be effective against the ncurotoxich ■ 
its value in the treatment of emotional disturb 
ropathy'®, skin diseases'® and paralytic ileus" i 










iCorblC aeld’*^ (fat ttrertnccswc page 491} 


itmUlry 


CompouJid 

rofmula and 

Stroctuft 

Pfayaical properuet 

Occurrence and aeUTity 

L-Ascotbic aeid 
(sitsmmQ 

CaHiOi 

176.13 

CHjOH 

NXliite crystals with an 
acid taste, soluble m 
water, rather insoluble 
in ethanol, sensitive to 
light, atmospheric 
oijrgen and some heavy 
metals, strong reducing 
actioft 

Mp.m*C.Ia)D+23» 

Probably present In all 
higher plants, particularly 
cabbage, citrus fruits, 
hawthorn berries, in 
•mall amounts in animal 
tissues Antiscorbutic 
•etivity 

Dehyjroaseorbic 

*eiJ 

CalUOa 

17411 


Vhiiecottals, soluble 
m water, readily hydro* 
lysed CO 2,3-dik eto-i- 
gulonieacid 

M p 225 •€ 

Present with iseotbie 
acid m plants Anti- 
scorbutic activity 

2 Keto-i-gulonie 
aeiJ 

CaHiaOt 

194 14 

1 

1 

n WH 

White crystals 

M p 171 ‘C 

Pteeursot of ascorbic 
acid No antiscorbutic 
activity 


In tithef by hnloTogicaJ imdy ©f loolh 


(theft IS some doubt as to whether these ate valid for plants) • 
D-GlucOTe— »p-Glucuron;c aad— ^P-Glucuronolactone— ^ 
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Ascorbic Acid 


eye 250, adrenals 400, pancreas 150, liver 150, kidneys 50, heart 
muscle 50. Tissue levels of ascorbic acid arc highest at birth and 
greatly reduced in old age'*. The saturation level in leucocytes is 
270-300 mg ascorbic acid per kg' '; high doses of ascorbic acid have 
been reported to inctc.asc this concentration up to 600 mg pet kg'*. 
The whole blood and plasma levels (see page 611) depend on the 
degree of tissue saturation and on the dietary intake. High doses of 
ascorbic acid cause the plasma level to rise rapidly, possibly to 40 mg 
per litre; the normal plasma level is below 14 mg per litre, since at 
this concentration the threshold value for the kidneys is reached 
with a consequent steep rise in the ascorbic acid clearance*-". In 
the plasma about 20% of the total ascorbic acid is in the form of 
dchydro.ascorbic acid ' ■* (page 611). Ascorbic acid also occurs in the 
aqueous humour of the eye (50-295 mg/1'*), in gastric juice (sec 
page 650) and in the synovial fluid (see page 642). 


Dependtmt of ascorbic acid levels in sernm and leucocytes on intake a. " 


Daily 

iniflkc 

(mg) 

Serum 

(mg/l) 

Leucocytes 

(mg/kg) 

Tissue 

saturation 

(Vo) 

Percentage 
of a test 
dose in the 
urine* 

<10 

<2 

<120 

0-40 

<5 

10-20 

~2 

~120 

o 

1 

<15 

30-100 

4-10 

150-200 

>50 

20-60 

>100 

10-14 

270-300 

-s-lOO 

60-80 

* The usual loading tests consist cither of giving 10 mg ascorbic acid 
orally per kg body weight followed by determination of ascorbic acid in 
the 24-hour urine, or of giving 100 mg ascorbic acid intravenously fol- 
lowed by determination of ascorbic acid in the 3-hour urine. 


With an ascorbic acid concentration of 20 mg per kg body weight 
the daily turnover is about 1 mg pet kg, corresponding to a half-life 
of 16 days'®. In urine ascorbic acid appears mainly unchanged (sec 
page 676), but part is hydrolysed to diketogulonic acid and appears 
finally as oxalic acid *. Other metabolites arc L-xylonic and L-lyxonic 
acids, which arise by decarboxylation of ascorbic acid'*. Radioac- 
tive CO 2 has been detected in expired air after giving doses of tagged 
ascorbic acid'®. The ascorbic acid content of breast milk (page 689) 
depends largely on the dietary intake. 

Function 

Ascorbic acid and dehydroascorbic acid form a redox system with 
‘scmidehydroascotbic acid’ as highly reactive intermediate. The 
latter arises by the loss ofa single electron by ascorbic acid or by the 
acceptance of a single electron by dehydroascorbic acid'®. Almost 
all metabolic processes the disturbance of which gives rise to scurvy 
involve reactions in which ascorbic acid is oxidized. Of particular 
importance are the hydroxylation reactions dependent on ascorbic 
acid which require molecular oxygen. 

The disturbances in the formation of connect! ve tissue that appear 
in ascorbic acid deficiency are a result of failure of the ascorbic acid- 
dependent hydroxylation of prolinc to hydroxy-proline, a compo- 
nent of collagen. The formation and maintenance of collagen is 
dependent on a normal ascorbic acid level'®. Synthesis of collagen 
in human skin-tissue cultures is promoted by ascorbic acid*®. In 
guinea-pigs with ascorbic acid deficiency the formation of hydroxy- 
prolinc in granulation tissue commences only after ascorbic acid 
has been administered*'. 

Another hydroxylation reaction dependent on ascorbic acid is 
the hydroxylation of the side chain of dopamine to noradrenaline; 
the enzyme catalysing this reaction has been found in the micro- 
somes of beef adrenal cortex**. Ascorbic acid is probably involved 
also in the hydroxylations occurring in steroid synthesis in the 
adrenals, but little is known of this role**- **. 

Ascorbic acid is also concerned in tyrosine metabolism as reduc- 
ing agent, although here it does not participate in a hydroxylation 
reaction. Its probable effect is that of protecting the enzyme para- 
hydroxyphenylpyruvic acid hydroxylase from inhibition by its 
substrate**'. Ascorbic acid also plays a role as electron donor in the 
conversion of folic acid into tetrahydrofolic acid. This connection 
between ascorbic acid and tetrahydrofolic acid may be responsible 
for the appearance of macrocytic anaemia in scurvy'®. The hypo- 
chromic anaemia of scurvy, on the other hand, is more likely- to be 
due to an effect of ascorbic acid on iron metabolism, since the vita- 
min is necessarv for the incorporation of iron into ferritin* . 


In contrast to the reactions dependent on ascorbic aci 
hydroxylation of tryptophan to 5-hydroxytryptophan, thi 
cursor of serotonin, is mediated by dehydroascorbic acid, wl 
thereby reduced to ascorbic acid. The enzyme catalysing thii 
tion is dependent on copper ions for its activity and occurs r 
in the tissues of the small intestine*®. The regeneration of as( 
acid from dehydroascorbic acid in the tissues plays an impi 
metabolic role. It takes place with the formation of semideb 
ascorbic acid from ascorbic acid and dehydroascorbic acid, wh 
an enzyme system present in the animal cell transfers electrons 
NADHj to scmidehydroascotbic acid and so regenerates asc 
acid'®. 

In the animal organism ascorbic acid seems to have a proti 
action against deficiencies of other vitamins (thiamine, ribof 
pantothenic acid, biotin, folic acid, vitamin E, vitamin A) 
relationships between these vitamins and ascorbic acid are, 
ever, obscure**. 

Requirements and deficiency symptoms 

The minimum intake of ascorbic acid required to prevent sc 
in infants is about 10 mg per day, in adults a little under 10 m 
day*®. A daily intake of 30-40 mg results in moderate saturate 
the tissues, one of 60-100 mg in almost complete saturation*®, 
recommended daily intakes of ascorbic acid in various cour 
are as follows: England®*; infants 15 mg, children 20-30 
adults 30 mg; USA*®: infants 35 mg, chilien 40-80 mg, ai 
60 mg; Western Germany®®: infants 30-35 mg, children 40-5C 
adults 75 mg; Canada®'; children 20-30 mg, adults 30 mg; 
land®®: children 35-75 mg, adults 50 mg; Japan®-*: children 3' 
mg, adults 60-65 mg. For the recommendations of the Food 
Nutrition Board (USA)*® for pregnant and berating womer 
the table on page 494. Workers in very cold climates should 1 
an intake of 150-250 mg per day®*. 

Good sources of ascorbic acid are cabbage, spinach, papri 
citrus fruits, tomatoes, strawberries, red currants and liver 
pages 499-515). In vegetables the ascorbic acid falls rapidly du 
withering. Potatoes are an important source of ascorbic acid 
the concentration decreases by up to 80% in winter storage. F 
cow’s milk contains up to 25 mg pet litre; this is markedly redi 
by pasteurization or boiling. 

The most important symptoms of ascorbic acid deficiency a 
marked tendency to bleeding with the appearance of exten 
patches of haemorrhage under the skin and in the gums, must 
fatty tissues and internal organs. Other symptoms arc impairn 
of connective tissue formation with changes in bone structure 
growth, defective tooth formation and fissuring and rougher 
of the skin ; there arc also often disturbances of iron absorption 
anaemia. In infants ascorbic acid deficiency (Moeu.er-B.\ri 
disease) is manifested mainly in the bones, which show a zont 
destroyed bone extending over the margin of the metaphysis i 
the soft tissues, as well as by subperiostal bleeding, particular!; 
the metaphyseal zones of the long bones. 

On a diet free of ascorbic acid the ascorbic acid content of 
plasma falls after 40 days to less than 1 mg per litre, while al 
120 days that of the leucocytes is almost zero*. At this time thcr 
also enlargement and keratosis of the hair follicles, which in 
succeeding 40 days gradually develop haemorrhages and the chat 
teristic signs of scurvy; changes in the gingiva appear after 
days®®. 

An inadequate intake of ascorbic acid is best recognized by 1 
lowered plasma level, whereas a severe deficiency of the vitamit 
characterized by the low ascorbic acid concentration of the Icu' 
cytes (< 120 mg/kg; sec the table above). Various tests arc av: 
able for measuring the extent to which ascorbic acid is provided 
the diet; they depend on the degrccoftissuc saturation effected b 
test dose of the vitamin as indicated by the plasma level and urin- 
excretion. 

Treatment 

In infants, doses of 20 mg ascorbic acid per day, for instance 
the form of orange juice, arc ample to prevent the appearance 
scurvy ; in infants with scurvy 25 mg should be given 4 times a il. 
in adults with the disease 100 mg 5 or 6 times a day*®. In patief 
who have undergone extensive surgery 150-300 mg ascorbic ac 
per day is sufficient to produce adequate saturation of the tissues ■ 
The reducing properties of ascorbic acid can be utilized in the tre: 
ment of mcthacmoglobinaemia and to promote the absorption 
orally administered iron®®. Russian workers have reported succe 
in the treatment of coronary diseases with ascorbic acid®®. 




8ub»t»nct% •«>\h atllon IvUimlnoWtl* 


1 , 1 fotmul*. mol ‘od 

I CompounJ ^ phyaic*! pcor«*<i«* 

Oc<urr<iM< 

Function 

Requiicments ind 
delicieney symptoiri 

1 Dlt'ftiTOftP'J'* ] 

1 (ftcimmP H H 

j pfoup, e«tin) N . ,C-^, 

Subi<inc<* like heiperidine 
end etiodiciiol il>o belong to 
' ihiiptoup 

iX'idety diwtibuteil ia 
plants, piccicuhtiy in 
iniics (e.g, lemons 
efld bbek evrranfs) 

Biological function ob- 
scure Vieoi on pharma- 
cological activity vary. 
Subnances increasing 
captibry sesistinee prob- 
ably possess antihista- 
mine and aniihyalutoni- 
das« activity^ 


Kno\W'»«o{*' ^ 

^myomo«»lol> ^ Jf- — 1 nf| 

CallilOa 

Mol 160 16 
, 6f p 22S-227 'C 

ojwpijtvevy 
of el) living eells 
' Component of phos- 
1 pbolipids in leeves, 

1 seeds »f>d anttne) 

' tissues (piriicuLarly 
^ heait,briin and skel- 
etal muscle), peesent 
*s heuphosphate 
(l^yeac acid) in plants 

^K«}wp)^«ph3^^'p»idS«R ■ 
involved in cation trans- 
port through the cell 
membranes, in stimula- 
1 tion of ntives and in 

1 metabolism of the mito- 
chondria • 

fcMW fisc i-vw 
and many kinds of animal 
cells in tissue culture 
Synthesized m the anitnal 
otganism. Signilkan^e in 
human nutrition obsc-ure. 
Intake about 1 g per ijay 

(jmitine* HC *V 01% 

(S-hYdtPXy- 

Kur 

1 C,n,a\0. 

' Mol Wt 161 20 

1 Ulo-20 9'’ 

In all tnimil tmues 
(sktlelal muscle 1. 
heart 0 6, kidneys 0 4, 
liver 0 3 mg/graennte 
dry substaiKc) , small 
amounts an blood, 
milk, pbmt and mi- 
cro-orfCTOisms 

1 

! 

1. 

Involved in rntraceKubr i 
fat metabolism In ihe form 
of aeyleatniimei by (a) 
transporting acetyl-coen- , 
*yme A and acetoacetyl- 
coenayme A from the 
milochrmdria to the Site 
of syniheiis of lr>ng<ham 
fatty acids outside the 
mwoehiitvSiwr; (b)iriris- 
P'lftmg activated long- 
chain aryl grcrtips from 
ih* cytoplasm to the mi- 
trirfurfidfia, »hcre long- 
cHsIn faiiy acids aie (kI- 
di/e.|» 

Gca»th ftetot foe some 
insects, for instance meal- 
worm, Tinthriamohloi-tnA 
aome bactetul species. 
Vettebtites can sytitht- 
size carnitine 


‘ (n piaio' iK<«« i!ui irov h4 /r(cir-H •• / ir man* llalnff A>(inltma liuf iha« Jn not funtiiiin 1" 

the (''em cn^mra 
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Substances with Vitamin-like Action (Vita' 



Choline 5 
(3-liydroxy- 
cthyltfimctliyl- 
ammonium 
hydroxide) 


yCHj 


CjHisNOs 

Mol. wt. 121.18 

M.p. 180 °C (dccomp.) 


Component of leci- 
thin, plasmalogens. 


distributed in pLints 
and animals (egg-yo Ik 
17, meat 6, cereals 
1 mg per gramme). See 
also pagcs394and 434 


Methyl-grot 
placcableby 
of labile met 
when syntl 
the latter in 
voivcd in 
fatty acids f 
to peripherf 


a-Lipoic acid” 
(thioctic acid) 



CsHi40aS2 
Mol. wt. 206.33 
M.p. 48 "C 


In small amounts in 
vegetable and animal 
tissues, particularly 
yeasts and liver 


Involved in 
decarboxyl.' 
vie and 
acids (see ( 
391) 


Essential fatty 
acids'^ 
(vitamin F) 


Linolcic and arachidonic acids 
(sec page 370) 

Unsaturated fatty acids and 
related compounds such as the 
corresponding alcohols not 
synthesized by the body in 
adequate quantity but neces- 
sary for metabolism and 
growth 


In the diet, particu- 
larly linoleic acid 
(plant oils, animal 
fats) and arachidonic 
acid (animal fats). 
Also active are lino- 
leic acid precursors 
such as linoleyl alco- 
hol and cis-2-octenic 
acid’'^; linolenic acid 
is almost inactive. 
Arachidonic acid is 
synthesized in the 
animal body from 
linoleic acid 


Involved ii 
the cell m 
possibly trr 
acids. Stru 
tial compo 
pholipids r 
of prostagl 
role in met 
mitochond 
ene fatty aci 
leic and art 
but also o 
effect on f 
pablc of lo 
rum choles 


» See footnote, page 491. 
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A Hvlritioiul itandjrd i* a staJetnent of the amount* of certain 
luttients (usually the aTcrage daily amounts) regarded aarKcesaaty 
>3t a person tepresentatiee of the category of the population to 
ahich the standard applies'. Terms such as nutritional requiiesrtent 
ind nutritional allowance are also used but must not always be 
regarded as synonymous. The resulting diets are referred to at 
minimum, average or desirable. Since it is at present impossible to 
define an individual’s optimum requirement ofany dietary constit* 
uent, other methods of evaluating nutritional standards have be- 
come necessary In USA, the recommended dietary allatmttt^ are 


Rmmmndei daily aHavatitt bJ ra/oriM (FAO^Jaada/wfawia/l (ntnel}, thuimnt, niejloti’i ondniam* (Joust FAOJWHO E*peit Gtoi^p*) 



Calorie* 




M.— .. 

Age 

r«f day 

(■ng) 

(mg) 

(ntg) 

equivalentit* 

0-3 monthi **• ■ . 

120 pet kg 




_ 

4-6month$** 

110 per kg 





7-12 months ... . 

1000 

300 

04 

06 

6.6 

1 yeiv ... 

1150 

250 

05 

06 

76 

2 years 

1300 

250 

OS 

07 

8.6 

3 years 

1450 

250 

06 

08 

96 

4-6 years • ■ 

1700 

300 

67 

0.9 

11 2 

7-9 years 

2100 

400 

08 

1.2 

13.9 

10-12 years . ... 

2500 

575 


1 4 

165 

13-15 (boys) 

3100 

725 

12 

1.7 

20 4 

(R'tli) 

2600 

725 

10 

1.4 

17.2 

16-19 (boys) . 

3600 

750 

1.4 

20 

23 8 

(girls) ... 

2400 

750 

10 

13 

15.8 

Adults (men) 

3200 

750 

u 

1 8 


(women) 

2300 

750 

09 

1.3 

152 

.-V,, , . 


# •■ » . t r-.# .a.-t 

eoniaming both rare 


I • 1 . . • * * < 


e a Mfollowv 

recommended intake of mised vitamin A i 

ive compound! •> 1 

1 ' . . ' ' 

' 

recommended innke nf retinol 


' •• lot infant! fiom 0 to 4 ttinnlhi. it is leeepxd ihai hrcisi feeding br a 0 147 * + (1 — 4) 

0-eifotene (lag) + retinol (uiri 1 

, weU nourished modirtu the belt say losii 

fy Ihe nutcii tonal nauiremenis 



1 




" A niaeineqiuvalenlii 1 mg ni 

einorbOmgt-trypiophan j 


Daily frtitm nqnmmtHit (TAO/Vt ilO Capett Group') 


Cfimmei Rrf«t»<w« 

I Protein* pei iiil<>gran>me 
Age ^ boJv neight 

I Avenge | Rsnge** 
i 23 ‘ - 

I 18 I • 


I 0 83 0 70-106 

, 081 I 06^97 

[ 0.77 0 62-0 92 

I 072 058-086 

I 070 056-084 

I 064 j 051-077 

, 059 0 47-071 


• Ttie coiT'pMtti.’O c/ iHe Rerefence Piotein »* given on pwe 514 Ttie 
r»f"tcini ci ecifv, tvil'i vn J mejl ell hiee ihe Mmc bii4ogTctI vvlue Tlte 
intaSe of pfotemv of lo»er biiJ 'ifcvl eiloe muti be coffevjvwiAnglv 

*• Tbiinnirrii bJteJ on the evpeetrJ rinee of inJiTKliul WTUtmei the 

upocT level n likclT to covet ihe ir^uitcmertv of 95* , of Ihe populjihei 


0-3 months 

3- 6 months 

6- 9 monthi 

9- 12 months 

Jarrn.;,, 

4- 6 years 

7- 9 years 

10- 12 rears 
13-15 years 
16-19 years 


DturaiUdadjtaliiMmtlhBtnit, (TAQ/VCHO Eapert Croup*) 


Age 

mg/diy 

0- l2iiton(hs* 

1- 9 year* 

10-15 years 

iV-iVyCTrs 

Adulit 

Precnanev. 3rd trimesrer 

Lacfatiofl . 

500< COO 
400- 500 
600- 700 
500- 600 
400- 500 
1000-1200 
1000-1200 

1 

_ . .. -J 




The body requires footl enef irv for resting metabolism, fynthesis ' 
of body tissues, phrsical activities, eacretory processes and mans- • * 

fenance of thermal ba'ance Tbe enerev requirements at dif'erciw 

levels of ictivitv ate given in the tables on page 495 v }i 
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Nutritional Standards 

(For references see page 497) 


Recommmdcd daily dietary alloawicet* (Pood and Nutrition Board, USA^) 


Infants 


Children 


Males 


Females 


Pregnancy 

Lactation 


Age** 

(years) 

Weight 

(>'g) (»>) 

Height 

cm (in) 

O^Iorics 

(kcal) 

Protein 

(g) 

Minerals 

Calcium 

(g) 

Phos- 

phorus 

(g) 

Iodine 

(peg) 

Iron 

(mg) 

1 

o-V. 

4 

9 

55 

22 

kg X 120 

kg X 2.2*+* 

0.4 

0.2 

25 

6 



7 

IS 

63 

25 

kgxllO 

kg X 2.0*** 

0.5 

0.4 

40 

10 


V.-i 

9 

20 

72 

28 

kg X 100 

kgxl.8*** 

0.6 

0.5 

45 

15 


1-2 

12 

26 

81 

32 

1100 

25 

0.7 

0.7 

55 

15 


2-3 

14 

31 

91 

36 

1250 

25 

0.8 

0.8 

60 

15 


3-4 

16 

3S 

100 

39 

1400 

30 

0.8 

0.8 

70 

10 


4-6 

19 

42 

110 

43 

1600 

30 

0.8 

0.8 

80 

10 


6-8 

23 

51 

121 

48 

2000 

35 

0.9 

0.9 

100 

10 


8-10 

28 

62 

131 

52 

2200 

40 

1.0 

1.0 

110 

10 


10-12 

35 

77 

140 

55 

2500 

45 

1.2 

1.2 

125 

10 


12-14 

43 

95 

151 

59 

2700 

50 

1.4 

1.4 

135 

18 


14-18 

59 

130 

170 

67 

3000 

60 

1.4 

1.4 

150 

18 


18-22 

67 

147 

175 

69 

2800 

60 

0.8 

0.8 

140 

10 


22-35 

70 

154 

175 

69 

2800 

65 

0.8 

0.8 

140 

10 


35-55 

70 

154 

173 

68 

2600 

65 

0.8 

0.8 

125 

10 


55-75+ 

70 

154 

171 

67 

2400 

65 

0.8 

0.8 

110 

10 


10-12 

35 

77 

142 

56 

2250 

50 

1.2 

1.2 

110 

18 


12-14 

44 

97 

154 

61 

2300 

50 

1.3 

1.3 

115 

18 


14-16 

52 

114 

157 

62 

2400 

55 

1.3 

1.3 

120 

18 


16-18 

54 

119 

160 

63 

2300 

55 

1.3 

1.3 

115 

18 


18-22 

58 

12S 

163 

64 

2000 

55 

0.8 

0.8 

100 

18 


22-35 

58 

128 

163 

64 

2000 

55 

0.8 

0.8 

100 

18 


35-55 

58 

128 

160 

63 

1850 

55 

0.8 

0.8 

90 

18 


35-75+ 

58 

128 

157 

62 

1700 

55 

0.8 

0.8 

80 

10 

2 






+ 200 

65 

+0.4 

+0.4 

125 

18 

4 






+ 1000 

75 

+0.5 

+0.5 

150 

18 

! 

4 



Fat-soluble vitamins 

Water-soluble vitamins 

Vitamin A 
activity 
(lU) 

Vitamin D 

m 

Vitamin E 
activity 
(lU) 

Ascorbic 

add 

(mg) 

Folacint 

(mg) 

Niacin’ t 

(mEq) 

Ribofiavin 

(mg) 

! Thiamine 
(mg) 

Vitamin B 

1 (mg) 

s jvitan 

1 

Infants 0-*/« 

1500 

400 

5 

35 

0.05 

5 

0.4 

0.2 

0.2 

1 

‘/.-’/a 

1500 

400 

5 

35 

0.05 

7 

0.5 

0.4 

0.3 

1 

Vr-1 

1500 

400 

5 

35 

0.1 

8 

0.6 

0.5 

0.4 

1 2 

Children 1-2 

2000 

400 

10 

40 

0.1 

8 

0.6 

0.6 

0.5 

! 2 

2-3 

2000 

400 

10 

40 

0.2 

8 

0.7 

0.6 

0.6 

I 2 

3-4 

2500 

400 

10 

40 

0.2 

9 

0.8 

0.7 

0.7 

! 3 

4-6 

2500 

400 

10 

40 

0.2 

11 

0.9 

0.8 

0.9 

4 

6-8 

3500 

400 

15 

40 

0.2 

13 

1.1 

1.0 

1.0 

4 

8-10 

3500 

400 

15 

40 

0.3 

15 

1.2 

1.1 

1.2 

5 

Males 10-12 

4500 

400 

20 

40 

0.4 

17 

1.3 

1.3 

1.4 

5 

12-14 

5000 

400 

20 

45 

0.4 

18 

1.4 

1.4 

1.6 

5 

14-18 

5000 

400 

25 

55 

0.4 

20 

1.5 

1.5 

1.8 

5 

18-22 

5000 

400 

30 

60 

0.4 

IS 

1.6 

1.4 

2.0 

5 

22-35 

5000 

- 

30 

60 

0.4 

18 

1.7 

1.4 

2.0 

5 

35-55 

5000 

- 

30 

60 

0.4 

17 

1.7 

1.3 

2.0 

S 

55-75 + 

5000 

- 

30 

60 

0.4 

14 

1.7 

1.2 j 

2.0 

6 

Females 10-12 

4500 

400 

20 

40 

0.4 

15 1 

1.3 

1.1 ! 

1.4 

5 

12-14 

5000 

400 

20 

45 

0.4 

15 1 

1.4 

1.2 1 

1.6 

S 

14-16 

5000 

400 

25 

50 

0.4 

16 [ 

1.4 ; 

1.2 

1.8 ' 

5 

16-18 

5000 

400 

25 

50 i 

0.4 

15 I 

1.5 1 

1.2 

2.0 1 

S 

18-22 

5000 

400 

25 

55 ; 

0.4 1 

13 1 

1.5 

1.0 

2.0 1 

5 

22-35 

5000 

- 

25 

55 1 

0.4 ( 

13 I 

1.5 , 

1.0 

2.0 ! 

S 

35-55 

5000 


25 

55 

0.4 i 

13 1 

1.5 1 

1.0 

2.0 

S 

55-75 + 

5000 

- 

25 

55 

0.4 

13 ! 

1.5 1 

1.0 

2.0 

6 

Pregnancy 

6000 

400 

30 

60 

0.8 

15 1 

1.8 1 

+ 0.1 

2.5 

8 

Lactation 

8000 

400 

30 

60 

1 

( 

0.5 

t 

20 1 

j 

2.0 1 

+ 0.5 

2.5 

6 


♦ The allowance levels arc intended to cover individual variations among 
most normal persons as they live in the USA under usual environmental 
stresses. The recommended allowances can be attained with a variety of 
common foods providing other nutrients for which human requirements 
have been less well defined. 

•» Entries on lines for age range 22-35 years represent the ‘reference’ man 
and woman at age 22 (see under ‘Calories’, page 493). All other entries rep- 
resent allow'ances for the midpoint of the specified age range. 


**• Assumes protein equivalent to human mffic. For proteins not fOO 
utilized, factors should be increased proportionately, 
t The folacin allowances refer to dictart’ sources as determined by 
haiillns {arti assay. Pure forms of folacin may be ctTcctivc in doses less thr 
a quarrer of the recommended allowance. 

tt Niacin equivalents include dietary sources of the vitamin itself plus 1 tnfi 
for each 60 mg of dietary tryptophan. 
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c.in l)c prevented by ensuring that the amount of this substance in 
the formula supplies 3% of the calorics'®. 

Essential amino acids 

Of the 18 ammo acids contained in food proteins 8 arc essential 
in that the body is not capable of synthesizing them (tryptophan, 
phenylalanine, lysine, threonine, methionine, leucine, isolcucinc, 
valine), 2 arc semi-essential in that they arc not synthesized in ade- 
quate .amounts during growth (iiistidinc, arginine), and 6 arc non- 
essential in that the body can synthesize them from a nitrogen 
source such .as any amino acid, ammonium salts or urea (aspartic 
acid, glutamic acid, prolinc, glycine, serine, alanine). 


Rcqairemtiils of Htt esstniial amino acids* 



Infants 


Adults** 


Amino acid 

Minimum 

require- 

Minimum 

requirement 

Recom- 

mended 

intake^^ 

(g/day) 


ment^ ' 
(mg/kg/ 
day) 

Young 

mcn^2 

(g/day) 

Young 

women 

(e/day) 

L-llistidinc 

34 

0 

0 

0 

t-Tryptophan 

L-Phcnylalaninc 

22 

0.25 

0.16 

0.50 

Tyrosine available^ 

90 

0.30 

0.22 

_ 

Tyrosine not available . . . 

- 

1.10 

_ 

2.20 

t-Lysinc 

103 

0.80 

0.50 

1.60 

t-Threoninc 

t-Mcthioninc 

87 

0,50 

0.31 

1.00 

Cystine available^ 

45 

0.20 

0.35 

- 

Cystine not available .... 


1.10 

_ 

2.20 

t-Lcucinc 

150 

1.10 

0.62 

2.20 

L-Isolcucinc 

126 

0.70 

0.45 

1.40 

L-Valinc 

105 

0.80 

0.65 

1.60 


* Assuming that the nitrogen intake is adequate for the formation of the 
non-essential amino acids. 

** "nie requirements arc higher during pregnancy and lactarion. The 
minimum requirement of men over 50 is higher than that of young men 
in respect of at least two amino acids (methionine 2.4-3.0 c/day, lysine 
l.^.Sglday)’". 

t 70-75% of the phenylalanine requirement can be met by tyrosine'^, 
tt 80-90Vo of the methionine requirement can be met by cystine'^. 


Water 

The water requirement of the body is determined by the amount 
of heat it produces and by the load of solutes in the body fluids. 
It is closely linked to the intake of salt. The intake must replace 
water losses in the urine, faeces, sweat and insensible perspiration 
(skin and lungs). Under the most favourable conditions (low-solute 
diet, resting, no sweating) the total water supplied by the diet and 
metabolic processes should be at least 1.5 l/day'^. A reasonable 
water allowance is 1 ml per caloric of food^. In hot, dry climates the 
water requirement can be Considerably increased as a result of 
sweating. Under ordinary conditions, infants require proportiona- 
tely more water than adults and should be given 1.5 ml per caloric 
of food-®. 

See also ‘Water and Electrolyte Balance’, pages 523-530. 
Sodium and chloride 

The requirement of sodium and chloride is closely linked to the 
water balance of the body. Both the total body content and body- 
fluid concentration of sodium are homoeostatically controlled, 
moderate intakes being rapidly e-\crcted in the urine while a reduc- 
tion in intake causes excretion to drop quickly to a very low level' 
Sodium deficiency is rare in healthy persons provided there is no 
abnormal loss. The normal recommended NaCl intake is 1 g per 
kilogramme of water^. Hard physical work in the tropics would 
require a daily intake of up to 19 g NaCl' Normal diets in western 
Europe and USA contain 6-18 g NaCl. 

Potassium 

The minimum daily potassium requirement probably amounts 
to 0.8-1.3 g^. Normal diets in western countries provide 0.8-1.5 g 
potassium pet 1000 kcal. An adequate potassium intake is impor- 
tant during prolonged intravenous feeding, recovery from severe 


diarrhoea, and diabetic acidosis ; this should be met by an int 
40-120 mg (1-3 mEq) per kg body weight per day. 

M.agnesium 

The probable daily magnesium requirement'® is 150 rr 
children under 10 years and 200-300 mg for older children 
a daily protein intake of 70-80 g, men require 300-400, w 
300 mg per day. The requirement seems to increase with inert 
protein intake. For the recommendations of the Food and I 
tion Board (USA) see the table on page 494. An average die 
vides 250-500 mg magnesium pet day. 

Calcium and phosphorus 

Knowledge of the minimum requirements of calcium is i: 
quate, but it is well established that no injurious effects occur 
the daily cilcium intake lies between 300 mg and 2000 mg'®. 

The desirable calcium intakes (suggested practical allowance. 
commended by the FAO/W'HO Expert Group (see table on 
493) are lower than those of the Food and Nutrition Board (U 
(see table on page 494). 

Although the calcium-phosphorus ratio in bone is 2: 1 it is r 
lower in the soft tissues. This, and the fact that on a normal 
the intake of phosphorus always equals or exceeds that of calc 
have led to the recommendation^ that the calcium and phosph 
allowances should be equal except in the ease of young infants 
the table on page 494). 

Iron 

In order to remain in iron balance, the daily iron intake of i 
as well as of women after the menopause, must be 0.5-1.0 
menstruating women require some 0.3-1 .0 mg per day moi 
The iron requirement is increased during pregnancy, particu 
as a result of the increase in the total crythtocjtc volume, and 
need is met partly by mobilization of iron reserves. The lattei 
restored post partum when the total erythrocyte volume falls ac 

During the first months of life the iron requirement of infan 
met principally from endogenous sources. Special attention sht 
be paid to the iron needs of growing girls, who have to meet 
only the requirements of growth but also cover menstruation los 
Assuming that 10% of the dietary iron is absorbed, the follow 
amounts must be available in the diet: 


Dietary iron requirements (Committee on Iron Deficiency Ancr 
American Medical Association®') 


1 

Iron require- 
ment of body 
mg/day 

Dietar>*iri 

content* 

1 mg/day 

! Men 

0.5-1 .0 

! 5-10 

j Menstruating women 

0.7-2.0 

j 7-20 

! Pregnant women 

2.0-4.8 

1 20-4S 

! Adolescents 

1. 0-2.0 

10-20 

1 Children ' 

0.4-1 .0 

i 4-10 

j Infants 1 

1 1 

0.5-1. 5 i 

1 

1.5 mg/kg 


j * Assuming lot 0 absorption of dietary iron, 
j ** Up to a maximum of 15 mg. 


Vk ith the cxccptiori of those during prcgn.incy, these requi 
ments arc almost identical with the recommendation of the Fo 
and Nutrition Board (USA) (page 494), 

Estimates of dict.irj- iron intake in the UK, US.\, .lustralia a 
Can.ada have given values of 10-20 mg per person per day ; vatic 
studies in the USA have shown that children aged 3-6 years hav 
daily iron intake of d-l 1 mg®®. 

In infants the iron requirement is not met by the normal inta 
of breast or cow’s milk alone. Premature infants, as well as infar 
with iron deficiency, require additional iron from the 2nd to 3 
month of life on ; this should be given in the form of enriched cen 
products or possibly iron salts®®. The iron requirement in pre 
nancy is likewise met only with difliculty from dietary sources. 

Copper 

Copper is an important component of various enzymes involve 
in oxvgcn transport. In US.\ and Europe the diet of adults contai 
an aa-crage of 1-5 mg copper per day®®. Tlie daily requirement 
adults has been estimateci at 1.5-2 mg®- ®®, that of infants and eh 
dren at 0.04-0.14 m.g per kilogramme body weight®®. 
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can be prevented by ensuring that the amount of this substance in 
the formula supplies 3% of the calories"’. 


diarrhoea, and diabetic acidosis ; this should be met by an intake of 
40-120 mg (1-3 mEq) per kg body weight per day. 


Essential amino acids 

Of the 18 amino acids contained in food proteins 8 arc essential 
in that the body is not capable of synthesizing them (tryptophan, 
phenylalanine, lysine, threonine, methionine, leucine, isolcucine, 
valine), 2 arc semi-essential in that they arc not synthesized in ade- 
quate amounts during growth (histidine, arginine), and 6 are non- 
essential in that the body can synthesize them from a nitrogen 
source such as any amino acid, ammonium salts or urea (aspartic 
acid, glutamic acid, ptolinc, glycine, serine, alanine). 


Requirements of the essential amino acids* 


Amino acid 

Infants 

Adults** 

Minimum 
require- 
ment^ ^ 
(mg/kg/ 
day) 

Minimum 

requirement 

Recom- 

mended 

intake’^ 

(g/day) 

Young 

mcn*^ 

(g/day) 

Young 

women’ 

(g/day) 

L-I-listidinc 

34 

0 

0 

0 

L-Tryptophan 

22 

0.25 

0.16 

0.50 

L-Phcnylalaninc 





Tyrosine available^ . , . . » 

90 

0.30 

0.22 

- 

Tyrosine not available . . , 

- 

1.10 

- 

2.20 

L-Lysinc 

103 

0.80 

0.50 

1.60 

L-Threonine 

87 

0.50 

0.31 

1.00 

L-Methionine 





Cystine availablctt 

45 

0.20 

0.35 

- 

Cystine not available .... 

- 

1.10 

- 

2.20 

L-Lcucinc 

150 

1.10 

0.62 

2.20 

L-Isoleucine 

126 

0.70 

0.45 

1.40 

L-Valinc 

105 

0.80 

0.65 

1.60 


* Assuming that the nitrogen intake is adequate for the formation of the 
non-essential amino acids. 

** The requirements are higher during pregnancy and iacration. The 
minimum requirement of men over 50 is higher than that of young men 
in respect of at least two amino acids (methionine 2.4-3. 0 g/day, lysine 
1.4-2.8g/day)'''. 

t 70-75% of the phenylalanine requirement can be met by tyrosine'^, 
tt BO-OOVo of the methionine requirement can be met by cystine’^. 


Water 

The water requirement of the body is determined by the amount 
of heat it produces and by the load of solutes in the body fluids. 
Jt is closely linked to the intake of salt. The intake must replace 
water losses in the urine, faeces, sweat and insensible perspiration 
(skin and lungs). Under the most favourable conditions (low-solute 
diet, resting, no sweating) the total water supplied by the diet and 
metabolic processes should be at least 1.5 1/day'®. A reasonable 
water allowance is 1 ml per calorie of food In hot, dry climates the 
water requirement can be considerably increased as a result of 
sweating. Under ordinary conditions, infants require proportiona- 
tely more water than adults and should be given 1.5 ml per caloric 
of food^. 

Sec also ‘Water and Electrolyte Balance’, pages 523-530. 


Sodium and chloride 

The requirement of sodium and chloride is closely linked to the 
water balance of the body. Both the total body content and body- 
fluid concentration of sodium arc homocostatically controlled, 
moderate intakes being rapidly excreted in the urine while a reduc- 
tion in intake causes excretion to drop quickly to a very low level'”. 
Sodium deficiency is rare in healthy persons provided there is no 
abnormal loss. The normal recommended NaCl intake is 1 g per 
kilogramme of watcr^. Hard physical work in the tropics would 
recjuirca daily intake of up to 19 g NaCl'A Normal diets in western 
Europe and USA contain 6-18 g NaCl. 


Potassium 

The minimum daily potassium requirement probably amounts 
to 0 8-1 3 g^. Normal diets in western countries provide 0.8-1 .5 g 
notassium per 1000 kcal. An adequate potassium intake is impor- 
iant during prolonged intravenous feeding, recovery from severe 


Magnesium 

The probable daily magnesium requirement'® is 150 mg for 
children under 10 years and 200-300 mg for older children; with 
a daily protein intake of 70-80 g, men require 300-400, women 
300 mg per day. The requirement seems to increase with increasing 
protein intake. For the recommendations of the Food and Nutri- 
tion Board (USA) see the table on page 494. An average diet pro- 
vides 250-500 mg magnesium per day. 

Calcium and phosphorus 

Knowledge of the minimum requirements of calcium is inade- 
quate, but it is well established that no injurious effects occur when 
the daily calcium intake lies between 300 mg and 2000 mg’®. 

The desirable calcium intakes (suggested praeticai ailoa'anees) re- 
commended by the FAO/WHO Expert Group (see table on page 
493) are lower than those of the Food and Nutrition Board (USA)® 
(see table on page 494). 

Although the calcium-phosphorus ratio in bone is 2 : 1 it is much 
lower in the soft tissues. This, and the fact that on a normal diet 
the intake of phosphorus always equals or exceeds that of calcium, 
have led to the recommendation® that the calcium and phosphoms 
allowances should be equal except in the case of young infants (sec 
the table on page 494). 

Iron 

In order to remain in iron balance, the daily iron intake of men, 
as well as of women after the menopause, must be 0.5-1.0 mg; 
menstruating women require some 0.3-1 .0 mg per day more®®. 
The iron requirement is increased during pregnancy, particularly 
as a result of the increase in the total erythrocyte volume, and this 
need is met partly by mobilization of iron reserves. The latter arc 
restored post partum when the total erythrocyte volume falls again. 

During the first months of life the iron requirement of infants is 
met principally from endogenous sources. Special attention should 
be paid to the iron needs of growing girls, who have to meet not 
only the requirements ofgrowth but also covet menstruation losses. 
Assuming that 10% of the dietary iron is absorbed, the following 
amounts must be available in the diet; 


Dietary iron requirements (Committee on Iron Deficiency Anemia, 
American Medical Association®’) 



Iron require- 
ment of body 
mg/day 

Dietary iron 
content* 
mg/day 

Men 

0.5-1 .0 

5-10 

Menstruating women 

0.7-2.0 

7-20 

Pregnant women 

2.0-4.S 

20-48 

Adolescents 

1. 0-2.0 

10-20 1 

Children 

0.4-1 .0 

4-10 I 

Infants 

0.5-1.5 

1.5 mg/kg** j 

* Assuming 10® p absorption of dietary iron. 

*• Up to a maximum of 15 mg. 

j 

j 


With the exception of those during pregnancy, these require- 
ments ate almost identical with the recommendation of the Food 
and Nutrition Board (US.\) (page 494). 

Estimates of dietary iron intake in the UK, US.\, Australia and 
Canada have given values of 10-20 mg per person pet day ; various 
studies in the USA have shown that children aged 3-6 years have a 
daily iron intake of 3-1 1 mg®®. 

In infants the iron requirement is not met by the normal intake 
of breast or cow’s milk alone. Premature infants, as well as inf .int.s 
with iron deficiency, requite additional iron from the 2nd to - to 
month of life on; this should be given in the form of enriched ccrea 
products or possibly iron salts®®. Tlic iron requirement in preg- 
nancy is likewise met only with difficulty from dietary sources. 

Copper 

Copper is an important component of various enzymes invoh cd 
in oxygen tr.ansport. In US.\ and Europe the diet of adults contains 
an average of 1-5 mg copper per day®®. The daily requirement o 
adults has been estimated at 1.5-2 mg®- ®®, that of infants and c .i. 
dten at 0.04-0.14 mg per kilogramme body weight®"’. 
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Amounts of principal nutrients, vitamins and minerals in 
various foods (tables on pages 499-515) 

The extensive literature available on the chemieal composition 
of foods has necessitated a critical selection of the most reliable and 
representative values for the various nutrients. The principal tables 
that have been made use of are those of the FAO', the US Depart- 
ment of Agriculture^, the British Medical Research Council^ and 
the West German Bundesministerium fiir ErnShrung, Landwirt- 
schaft und Forsten'*. Data from various journals* have also been 
madcuse of, Detailed summaries of the nutrient contents of foods ate 
also to be found in the works compiled by Church and Church®, 
the Swiss Lcbcnsmittclbuchkommission'’, Randoin ct al.«, Schall.® 
and ScHTENRERG ct al.'°, as well as in the monographs of Aeb- 
RiTTON* ’, Mattice'®, Proudett and Robinson'®, Turner''*, and 
others. 

It is important to note that the actual concentration of a partic- 
ular substance in a foodstuff can deviate from the value given in 
the tables since ail foods ate subject to large variations in compo- 
sition. This is particularly the ease with prepared foods such as 
preserves, chocolate, sausages, etc. With meat, the degree of fat- 
tening of the animal plays an important part (fat content), with 
vegetable foods the climate, nature of the soil and degree of ripen- 
ing. The storage conditions of foods affect the extent to which 
their water and vitamin contents arc conserved. Water loss results 
in a higher concentration of all nutrients. 

Preparing and cooking foods can lead to loss of nutrients. Some 
vitamins arc decomposed by heat and oxidation. Both vitamins and 
mineral constituents pass into water in which foods arc cooked and 
arc lost if this is discarded. 

The values given in the food composition tables are the contents 
in 100 g of the edible portion, uncooked unless otherwise stated. 

With the exception of the calorific value, the data indicate the 
total amounts of the components in the food as ingested and not 
in that part of it absorbed. Little is known of the extent to which 
minerals and vitamins ate absorbed. Thus only 2-12% - depending 
on the type of foodstuff - of the iron contained in foods is absorbed ; 
the element is more readily absorbed from lean meat, haemoglobin 
and soya beans than from eggs, cereals and vegetables'*. A high 
oxalic acid content can seriously interfere with the absorption of 
calcium. 

The water content is usualiy determined by measuring the loss of 
weight at high temperature, so that the values may include other 
readily volatile substances. 

The protein content is obtained from the nitrogen content by 
multiplying by 6.25 for meat and eggs, by 6.38 for milk, and by 
various factors ranging from 5.18 to 6.25 for vegetables, cereals and 
nuts (for details see the US Department of Agriculture Handbook 
No. 8®). 

Thc/flt content is that part of the food extractable by fat solvents 
(for instance ether). The data for polyene fatty acids are either the 
sum of the linoleic and arachidonic acid contents or the difference 
between the oleic acid and total unsatutated fatty acid contents. The 
cholesterol content is roughly equivalent to the unsaponifiable part 
of the total fat. Cholesterol occurs only in animal products, how- 
ever, so that ‘cholesterol’ values for nuts, cereals and other vege- 
table foods reflect their content of other sterols. 

The carbohydrate content is usually determined by difference, namely 
as the total weight less water, protein, fat and ash. Data for fibre 
content vary greatly with the method of determination. Collected 
data on the amounts of the various carbohydrates in foods ate avail- 
able'*. 

The calorific value is calculated from the fat, carbohydrate and 
protein (and any alcoholic) content by using a specific factor that 
takes account of the varying extent to which different foods ate 
absorbed (for details sec the report by the Food and Agriculture 
Organization'®); the data therefore represent utilizable calorics. 


Vitamins. Amounts of vitamin A (including p-carotene) an 
min D are given in international units (lU), those of all othc 
mins in miiligrammes. 1 lU vitamin A = 0.0003 mg vitamin 
0.0006 mg p-carotene; 1 lU vitamin D = 0.000025 mg vitatn 
The data under vitamin E are ot-tocophcrol values (when ki 
since this compound is responsible for most of the vitamin ai 
(see page 465). 


Percentage vitamin losses during cooking'^ 



Bi 

Ba 

Nico- 

tinic 

acid 

Meats 

35 

20 

25 

Meats plus drippings 

25 

5 

10 

Eggs 

25 

10 

0 

Cereals 

10 

0 

10 

Legumes 

20 

0 

0 

VcgetabIcs(Ieafy,grccnandyelIow) 

40 

25 

25 

Vegetables, other 

25 

15 

25 

Tomatoes 

5 

5 

5 

Potatoes 

40 

25 

25 1 

1 


Zero and unknown values. Zero values are indicated by 0 througl 
A dash (-) denotes that the value is unknown. 
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Fruits, Fruit Juices 
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Fruffs, Fruit Juices - Vegetables 
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Vegetables 
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CerealSi Cereal Products 
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Fats, Oils - Dairy Products, Eggs 
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Meat, Poultry 
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Meat, Poultry - Fish, Sea Foods 
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Composition of Foods - Amino Acids 


Amino acids of foods 

The amino-acid contents of foods listed in the table below have 
been taken from a publication ’ of the British Medical Research 
Council. Other collected data on the subject arc available in the 
publications of Block and Bolling^, Block and Weiss^, Orr and 
Watt"*, and Harvey®. The amounts of the essential amino acids 
in foods ate given in the tables of Souci ct al.® and of Church and 
Church^. The amino-acid content of the FAO/WHO Reference 
Protein® is based on the minimum requirements of the individual 
essential amino acids. 

Many of the proteins of meat and fish have a largely similar com- 
position, like those of cereal and milk products, and it has there- 
fore been unnecessary to list all these foods in detail. On the other 
hand, the amino-acid composition of the vegetable proteins shows 
wide variations, but since these proteins are quantitatively unim- 
portant in the human diet the variations arc without appreciable 
effect in nutrition. Too little is known of the amino-acid composi- 
tion of fruits to justify their inclusion in the table. The phenyl- 
alanine content of fruits lies between 1.5 and 4 g/16 g N ®. 

Amino-acid conlenis of foods (g per 16 g nitrogen*) 


The values in the table are for the raw foods. Cooldn 
little effect on the proteins of foods poor in carbohydrate 
products the proteins in the crust have a lower utilizal 
known that vegetables lose nitrogenous substances du: 
ing, but this loss has no practical significance. 
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Argimnc 

Cystine 

Histidine 

1) 

.s 

‘0 

n 

jO 

*0 

Leucine 

Lysine 

o 

5 o 
S*2 

■^•1 
JZ O 
PU ’a 

Threonine 

Trypto- 

phan 


1 

Alanine 

Aspartic 

acid 

Glutamic 

acid 

Glycine 

J 

n 

Vegelabks 

Beans, snap 

5.9 

1.1 

2.9 

5.4 

7.7 

5.4 

0.5 

3.4 

2.6 

1.0 

3.0 

5.1 

2.6 

6.6 

1.4 

3.7 

4. 

haricot 

5.8 

1.0 

3.2 

6.1 

8.2 

7.0 

1.3 

6.2 

4.6 

1.3 


6.6 

— 

— 

— 

— 

- 

Beets 

1.8 

— 

1.4 

3.2 

3.4 

3.4 

0.5 

1.4 

2.4 

1.0 

— 

3.0 

— 

— 

— 

— 

- 

Beets, tops 

6.1 

1.4 

1.9 

3.2 

6.2 

3.5 

2.4 

5.0 

4.2 

1.4 

4.5 

5.1 

— 

— 

— 

— 

- 

Broccoli 

5.8 

— 

1.8 

3.8 

5.3 

5.4 

1.8 

3.0 

3.4 

1.3 

— 

4.2 

— 

— 

— 

— 

- 

Brussels sprouts .... 

6.2 


2.2 

4.2 

4.3 

4.3 

1.0 

3.4 

3.4 

1.0 

— 

4.3 

__ 

— 

— 

— 


Cabbage 

7.5 

1.6 

1.8 

2.9 

4.2 

3.7 

1.0 

2.6 

2.7 

0.8 

2.1 

3.4 

— 

— 

— 

— 


Carrots 

3.5 

— 

1.4 

4.3 

5.8 

4.5 

1.1 

3.7 

3.8 

0.8 

— 

5.4 


— 

— 

— 

- 

Cauliflower 

4.2 

— 

0.2 

4.3 

6.2 

5.4 

2.1 

3.4 

4.2 

1.3 

— 

5.8 

— 

— 

— 

— 

1 “ 

Lentils 

8.3 

0.6 

2.2 

5.3 

7.0 

6.2 

0.6 

4.2 

3.7 

0.8 

— 

5.6 

— 

_ 


— 

! - 

Peas 

8.6 

1.0 

1.8 

5.0 

6.9 

5.3 

1.0 

4.0 

4.0 

1.0 

4.2 

4.6 

(3.8) 

(8.6) 

(3.2) 

(6.1) 

- 

Potatoes 

5.3 

1.3 

1.4 

4.5 

4.6 

5.0 

1.6 

4.2 

3.7 

1.3 

2.9 

5.1 

4.2 

17.1 

23.8 

1.9 

2.( 

Spinach 

4.5 


1.4 

4.0 

6.4 

5.1 

1.8 

4.5 

4.0 

1.8 


5.1 

— 

— 

— 

— 

i — 

Soybeans, soyflour . . 

7.4 

1.9 

2.6 

5.3 

7.7 

6.4 

1.3 

5.0 

4.0 

1.4 

3.7 

5.3 

5.0 

1.3 

19.0 

4.5 

5.; 

Nuts 

Almonds 

10.1 

1.8 

2.2 

3.8 

6.6 

2.6 

1.3 

5.1 

2.7 

0.8 


5.0 






Brazil nuts 

13.3 

3.0 

2.1 

3.7 

6,9 

2.6 

5.1 

3.4 

2.6 

1.1 


4.8 




— 


Coconuts 

12.5 

1.8 

2.1 

4.5 

7.2 

3.5 

1.8 

4.2 

3.0 

2.1 

— 

5.6 

— 

— 


— 

— 

Hazelnuts 

14.6 

2.6 

1.9 

5.8 

6.2 

2.9 

1.0 

3.7 

2.9 

1.4 

3.7 

6.2 

— 

7.0 

20.5 

9.4 

5.6 

Peanuts 

10.6 

1.6 

2.4 

4.2 

6.2 

3.5 

1.0 

5.0 

2.9 

1.1 

3.0 

5.0 

2.9 

14.1 

2.0 

5.4 

5.1 

Walnuts 

13.0 

1.8 

2.2 

4.3 

6.9 

2.6 

1.8 

4.3 

3.4 

1.0 

- 

5.4 

- 

- 

- 

- 

- 

Cereals 

Barley, whole grain . 

5.0 

2.1 

1.9 

3.8 

6.9 

3.4' 

1.4 

5.0 

3.7 

1.4 

3.5 

5.0 

4.5 

5.9 

20.5 

43.2 

9.3 

Bread, wheat, white . 

3.4 

2.2 

2.1 

3.7 

7.4 

1.9 

1.9 

5.0 

2.9 

— 

3.2 

4.2 

3.0 

4.2 

33.0 

3.4 

11.5 

Flour, wheat, whole . 

4.3 

2.1 

2.1 

3.8 

6.4 

2.7 

1.6 

4.6 

2.9 

1.3 

3.2 

4.3 

3.4 

5.0 

27.7 

3.8 

10.1 

white . 

3.4 

2.2 

2.1 

3.7 

7.0 

1.9 

1.6 

5.4 

2.9 

1.3 

3.4 

4,2 

3.2 

4.2 

33.4 

3.4 

11.7 

Maize, whole grain . 

5.0 

2.1 

2.4 

4.0 

12.0 

3.0 

2.1 

5.0 

4.2 

0.8 

3.8 

5.6 

9.9 

12.3 

15.4 

3.0 

8.3 

Oats, whole grain . . . 

6.6 

1.8 

1.9 

4.6 

7.0 

3.7 

1.4 

5.0 

3.4 

1.3 

3.8 

5.4 

5.1 

4.2 

18.4 

4.2 

5.8 

Rice, whole 

8.5 

1.8 

2.2 

4.8 

8.2 

4.2 

2.1 

4.6 

3.5 

1.4 

5.8 

6.2 




— 

— 

polished 

8.0 

1.6 

2.2 

4.6 

8.5 

3.0 

2.1 

4.8 

3.8 

1.4 

5.0 

6,6 

5.6 

4.5 

10.7 

6.6 

4.5 

Rye, whole grain . . . 

5.0 

1.8 

2.1 

3.8 

6.1 

3.7 

1.6 

4.6 

3.4 

1.3 

4.2 

5.0 

— 

— 

19.7 

— 

— 

Wheat germ 

6.9 

1.4 

2.7 

3.5 

5.9 

6.1 

1.4 

3.7 

4.5 

1.0 

- 

4.6 

- 

_ 1 

- 

- 

- 

Eggs, Milk 

Eggs, whole 

6.4 

2.1 

2.6 

5.8 

9.0 

6.7 

1 

3.0 

5.3 

5,3 

1.8 

4.3 

7.2 


10.7 

1 

12.3 

3.8 

4.3 

Egg white 

6.2 

2.2 

2.4 

5.8 

9.0 

6.6 

4.0 

5.9 

5.0 

1.9 

4.2 

7.8 

— 

11.0 

12.6 

4.2 

4.2 

Egg yolk 

7.0 

1.8 

2.6 

5.8 

8.5 

6.7 

2.2 

4.6 

5.8 

1.8 

4.6 

6.9 

— 

— 

12.0 

3.4 

4.3 

Milk, cow’s, and 
dairy products . . . 

3.7 

0.8® 

2.7 

6.2 

9.9 

7.8 

2.4 

5.1 

4.6 

1.4 

5.6 

7.0 

3.7 

8.2 

22.2 j 

1.9 i 

9.8 

Breast milk 

3.4 

1.9 

2.2 

5.6 

9.4 

6.2 

2.1 

4.0 

4.5 

1.6 

4.8 

6.2 

3.8 

9.3 

19.8 i 

2.2 1 

8.6 

Meal, Fish 

5.8® 

11.2 

2.1'* 

5.1 

7.5 

9.0 

2.9 

3.7 

4.5 

( 

1.0 

3.0 

5.3 

6.1 

9.4 

1 

14.1 1 

1 

6.1 i 

5.9 

Gelatin 

7.8 

trace 

6.9 

1.4 

2.9 

4.0 

0.8 

2.1 

1.9 

— 

0.3 

2.2 

9.8 

5.9 

0.1 ll 

.4.2 

!6.7* 

Meat and 

meat products 

brain, liver, kidney 


1.3 

3.2 

5.1 

7.8 

8.2 

2.4 

4.2 

4.5 

1.3 

3.4 

5.3 

6.2 

9.1 

5.4 i 

4.5 

4.2 

6.1 

1.3 

3.2 

5.1 

9.0 

8.2 

2.4 

5.1 

4.5 

1.3 

3.4 

6.1 

6.2 

9.1 

5.4 1 

4.5 

4.2 

FAOIIFHO 

Reference Protein. . . 

- 

- 

- 

4.3 

4.9 

4.3 

2.3 

1 

2.9 j 

2.8 

1.4 

2.9 

4.3 

i 

- ! 

- 

- i 

- 1 

- 


• Axetagenitrogen content pet 100 g protein. » Barley, pearled 2.2. JCheeseO.S. 3Shrimps9.4. * Mackerel 3.7; tunny 5.8. ® I ncluding hydroxiTU 


















ipontni p»«s of the body eh»nge» with ige. ttid the pern do 
all cTuture chemically at the lame rate The eompoiitioaofthe 
ale body at any age ii the tetultant of the compOMiion of its 
net and of theit contribution to (he weight of the body at that 


thoda of determining the compoaltlon of the whole body 



Dilution methodi depend upon introducing into the body a 


net uuie. tne aumme ui nuiu ut « men tne tuoiranee tut become 
itributed can be calculated By the ute of appropriate aubttaneet 
It potiible CO eitimate the amounct of total water, of eiiracellulac 


eeording to the lubaianee uted. and (he uieofeKhmtolrea certain 
liumptioni (for diicuiiion of (hete tee the literature') 


• Tliii thapaf on th« •Compoticion of »h« Body' (?•«»• $|7-$12) Ma httn 

ompiWbyt-M W iDOo*»o>»»ndJ W’ T Dic«**«o~.D«i>*Hn>*mofE»p«»»- 
wntal Mcd.euM, Unmrticy of Cimhridgt, CogUnd 


amount of any mineral in the body but only that fraction of ir which 
is ‘exchangeable’. 

Determinaiiori of the composition ofthe tiatuea 


garu and tittuei than about that ofthe body as a whole. 

Changes in compoaltlon during development 
The proportion of fat in the human body increases rapidly during 
the last Zmonths of gestation and the full-term baby has about 16%. 


tnent la a dectease in the proportion of water in the fat-free body 
tissue and an increase in that of solid matter The fall in the pro- 
portion of total water is due to the large reduction in the amount of 
cnracellutar fluid (hat accompanies growth; this exceeds the small 
rise m the amount of water inside the cells due Co (he increase in the 



skeleton and the proportion of calcium »n the body mote than 
doubles during postnatal life. 

It(f«c*nces 


Composition of the whole body as determined by chemical analyala (values per kilogramme fat-free tissue unless otherwise stated) 
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Composition of the Body 


Composition of the whole body as determined by dilution methods 



Total water 
as percentage 
of body weight 

Extracellular fluid 
as percentage 
of body weight 

Na 

Exchangeable 

K 

a 


mEq/kg 
body weight 

mEq/kg 
body weight 

tnEq/k 
body wei 

Newborn, 1-27 hours' 

_ 



35.5 


Newborn, 1 day^ 

79.0 

(deuterium oxide) 

43.9 

(thiosulphate) 

- 

- 

- 

Infants, 2-4 weeks'^ 

- 

- 

- 

- 

48.1 

Infants, 2 wccks-2 months'* 

- 

- 

76.4 

- 

- 

Men® 

59.1 

(deuterium oxide) 

15.6 

(inulin) 

41.7 

48.1 

31.9 


59.6 

(tritium oxide) 

16.3 

(thiosulphate) 


- 

- 


53.4 

(antipyrine) 

22.9 

(thiocyanate) 

“ 

_ 

- 


60.2 

(urea) 

- 

- 

- 

- 

Women® 

51.0 

(deuterium oxide) 

16.0 

(thiosulphate) 

40.5 

38.2 

28.6 


43.4 

(antipyrine) 

20.9 

(thiocyanate) 


“ 

- 


57.0 

(urea) 
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^ For details see Widdowson and Dickerson, in Comar and Bronne 
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Composition of muscular tissues (values per kilogramme fat-free tissue) 




Weight as 
percentage 
of body Weight 

Water 

g 

N 

e 

Na 

mEq 

K 

mEq 

Cl 

mEq 

Mg 

mEq 

Oi 

mEq 

1 

mr 

Skeletal muscle’ 

Foetus, 14 weeks 

- 

907 

11.5 

101 

56.3 

76.4 

11.7 

5.6 

36 


Foetus, 20-22 weeks . . 

25 

887 

15.4 


57.6 

65.6 

10.5 

7.1 

40 


Newborn 

25 

804 

20.9 

■9 

57.7 

42.6 

14.8 

4A 

47 


Infants, 4-7 months . . 

- 

785 

29.6 

By 

89.5 

35.5 

20.0 

3.1 

64 


Adults 

43 

792 

31.4 

36.3 

92.2 

22.1 

16.7 

2.8 

58 

Hearth 











Whole 

Foetus, 20 weeks 

0.6 

860 


46.1 

81.1 

41.0 

- 

- 

49, 


Newborn 

0.5 

841 

, 19.6 

64.2 

54.3 

45.2 

10.9 

7.4 

47, 


Infants, 4-7 months . . 

- 

830 


59.8 

49.3 

49.3 

11.0 

8.2 

49. 


Adults 

0.4 

827 

22.9 

57.8 

66.5 

45.6 

13.2 

2.6 

49. 

Left ventricle 

Adults 

- 

789 


44.7 

78.5 

38.0 

17.0 

3.9 

63. 

Right ventricle 

Adults 

- 

802 

- 

47.8 

56.2 

39.5 

16.5 

3.8 

50. 

Auricles 

Adults 

- 

812 

- 

52.2 

35.7 

42.2 

- 

- 

30. 

Septum 

Adults 

— 

792 


40.5 


33.8 


- 

51. 

Myometrium® 

Non-ptegnant 

- 

794 

- 

87.8 

62.6 

73.8 

12.8 

16.6 

- 


Early pregnant 


825 

- 

93.6 

59.0 

71.0 

8.5 

7.1 



At term 

— 

823 


88.8 

62.4 

63.2 

13.5 

17.5 
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Compotltlon of glandular organ* (raluss per kilogramrne fresh weight) 



Composition of (he lung* (value* pet kilogramme fresh tissue) 


ri 

's tight It 
rereenitge 
of bodr 

K'ltet 

t 

« OiEq 





20 weeks 

- 

at 

103 870 

Newborn 

17 

8S8 

17.0 75 8 

Adults 


787 

27 2 75 3 


R(hr<ne<( 

*ICK«SW, M B.a»r*/*y.l4, IJ72 (IS»). Cmv tn4 AootrH. Bf Vimwwsom and Dicsisjon, in Coma* md b.onnbs fEdi) 

.*/•/. 3*. «?4 losas* *» . / WO*. 32J. m <«W4). .WAW-o-.wt J.p»n f., AM:dem.tPte,,.Ne;Yo“k'j«4.^8^ 


Composition oflhebrslnsnd nerves (values pet kilogrsmroe fresh weight unless otheurne stated) 



VtigKl 





j 


■ 

1 



— 


i.pef 


N 

N* 

K 

a 

Mg 

Ct 

P 

Cu» 

Fea 

Mna 


of t«dr 

( 

s 

m&i 

niEq 

rnEq 

oiEq 

niEq 

mmol 

mg 

mg 


Foetus, H week* 
roefur. 

150 

914 

96 

97.5 

498 

721 

- 

- 

57 0 

- 

_ 

_ 

20-22 weeks 

13.4 

922 

84 

91.7 

520 

726 

84 

49 

52 2 




Newhoto 

13 4 

897 

9) 

809 

58 2 

881 

79 

48 

54 0 

_ 



Adults 

23 

774 

171 

55 2 

848 

40.5 

114 

40 

109 

3 6- SO 



Adults 

- 

84) 

I7J 

839 

58 4 

438 

18 3 

52 

71 3 

15 9-99 0* 



Adults , 

- J 

J 

17,5 

686 

3 


q 

71 

" 

1 

92-830', 

,31.. 

222** 

289-507* 

124*' 

0.99* 

Adults 

004 

6*4 

180 

87.4 

922 

428 

316 

90 

U7 




Adaln 



J.. 

[1 

478 

L 


99 

119 

12.3 

15,6 

L_ 


t (Facrr*« /frvn Cu ewiv^rtjj) trfosir>«’fOAr trtd Otceet 
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Composition of the Body 


Organic composition of the adult brain and spinal cord (values per kilogramme fresh tissue unless otherwise stated)' 



Whole brain 

g 

Grey matter 

6 

White matter 

g 

Spina 

Total phospholipid P 

250* 

30.8 

78.2 

51- 

Lecithin P 

- 

7.9-13.2 

9-15 

22< 

Cephalin P 

148-260* 

18-22 

27-35 

61t 

Diphosphoinositide P 


1.96 

4.14 

- 

Sphingomyelin P 

- 

2.7 

10.8 

- 

Cerebrosides 

- 

6.3 ±2.9 

49.0** 

12.9- 

Total lipids 

104 

3.1 ±0.2** 

57.9 

179 

6 : 

Cholesterol 

26-44 

7.2 

40.7 

5S 

Gangliosidcs (iV-acctylsialic acid X 4.0) 

- 

3.3 

1.25 

- 

Total protein 

100-110 

73-82 

77-92 

9C 

Soluble in 4.5% KCl (isoelectric point 
pH 5.6) 


16.7-18.9 

18.5-22.1 


Soluble in water (isoelectticpoint pH 4.6) 

- 

21.9-24.6 

14.6-17.5 

- 

Proteolipid protein* 

- 

16 

42 

- 

Neutokeratin 

- 

3.1 

11.2 



* Values per kilogramme dry -weight 
*• 'True' cerebrosides. 
t Not expressed as P. 
tt White matter. 


References 

' (Except proteolipid protein) As'SEt-i., G.B., in Long, C (Ed.),B 
ills' Handbook, Spon, London, 1961, page 640. 

^ Approximate values calculated from Foech and Lza,JMot.Chi!. 
807 (1951). 


Composition of skin, hair and nails (values per kilogramme fresh weight unless otherwise stated) 


||H 


Weight as 
percentage 

Water 



K 




P 

Cu 

Fc 

Mn** 

Pb 




of body 















weight 

g 



m 




mmol 

mg 

mg 

mg 

mg 


Skin’ 

Foetus, 

14 weeks 

. 

917 

11.6 


23.8 

90.6 


4.4 

41.8 







Foetus, 

20 weeks 

13 

901 

11.9 



96.0 

3.8 

6.1 

28.2 

_ 

_ 





Newborn 

15 

828 

26.5 

87.1 


66.9 

■n 

10.0 

31.7 

- 

- 

- 

_ 



Infants, 

3-5 months 

- 

675 

54.5 

65.4 

43.7 

72.3 

I 

11.4 

34.9 


_ 


_ 



Adults 

7 

694 

53.0 

79.3 

23.7 

71.4 


9.5 

14.0 

- 

- 

- 

- 


Epi- 

dermis* 

Adults 

- 

645 

H 




15.0 

7.5 

- 

- 

- 


- 


Hair** 

Adults 

Bi 

B 

B 

I 

1 

B 


94-245 

- 

4-128 




15( 


Adults 

H 

B 

B 

■ 



1.9-9.2 

- 

- 

1 

CO 

18-65 

<1 

97-240 

170 


» Hair and nails also contain Zn(9-562 and 1 16-3080 mg/kg respectively). References 

The presence in halt of Al, Ni, Co and Cr together with traces of Ti, Sr i w,ddowson and Dickuksos, Bhchm.J., 77, 30 (1960). 

and Ag has also been reported. a Suntzeff and CsRauTHERS, J.kwl.Chn.,M0, 567 (1945); Zhei 

•* Values per kilogramme dry weight. and Fox. Arch.Dtrn.,(,\,y)l (1950). 

J jr « . ^ aw, , S rs. . r »r*. I „ , 7. a,- - /-/I; , 

I ■ ■ . ■ 

^ C . . ■ I rCZ.J 

i . . . . , . f nivt 

of Qii'cago Press, Chicago, 1954, page 662. 
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CompoiWon of teeth and bonea {values pet 100 gramme dry tisJnc unless otherwise stated) 




•S'llei* 

14 

Ca 

9 

»4* 1 

CCfe 

a 

P 

Ma 

K. 

re 

Gi 

Pb 



e 

e 

B 

t 

Z 

c 

t 

8 

g 

g 

g 

g 


TittV 















! Etumel 

Adults ... ... 

i 1 

303 ; 

16 

17 

0.4 

2.5 

OJS 

OOIO- 
0 034 

0 71- 
0.90 

0.05- 
0 30 

00008- 

04 

000017-1 

00009 


Dentine 

Adults 

10 

34 

27 

13 

0.9 

33 

ooo- 

003 

0 024- 
0076 

0 30 

0 07- 
0 10 

0 007 



Bom tiiiiit* 
















1 Foetus, 




, 9.1 










femur 

l^wteks 

Foetus, 

" 

595 





1 " 








20'24 weeks 

31.1 

5.25 

23.4 



- 

- 

- 







Neuborn 

238 

506 

24 6 

losl 

- 

' 

" 

- i 

- 1 

1 

- 1 




2-41^1 monrKs 

230 

5.28 

23.7 1 

108 

- 1 

.. 1 

- 


- 

-• 

“ 

“ 



Infants, 

5-9 months 

19 5 

5 31 

a« 

no 

- 

- 

- 

<)071** 

- 

- 

- 

- 

- 


12-24 months 

20.3 

5 24 

24.6 

11 1 



“i 








12 years 

155 

4 92 

25 3 

lU 

- 

- 

■ 

■ 

' 

' 

" 




lB-35yesM 

12 2 


264 

113 

0 39 

40 

018 

0094- 

018- 

0 05- 

0011- 

0 0002- 

0 001- 
0 01 

1 







0 270" 

06 

03 

0 017 



1 Foetus* 














1 (excluding 

' Hueeks 


5 69 

158 


- 

- 

- 

- 

- 

■■ 

“ 

~ 


^ epiphyses) 

1 Foenii, 















! 20*24 weeks 


5 95 

191 


- 

- 

- 

- 

- 

- 

- 

- 



1 Neaboffl 
, laftAtt, 

48 8 

5 94 

236 

99 

■ 

■ 

* 

■ 

" 

“ 

■ 

■ 



1 2-4'A months 

1 Infsnts, 

49 2 

' 

6 78 

199 

97 

“ 

*■ 

■ 

■ 

' 

■* 

" 

" 



1 tnonfhs 

Infants, 


bV) 

191: 

8< 

> - 

" 

~ 

■ 


~ 

“ 

“ 



1 12-24 months 

Children, 

39 7 

5 67 

183 

> 8! 


" 

" 

■ 

' 

■* 

■ 

■ 

' 


12 years 
Adults, 

307 

5 21 

271 

5 12.1 

1 - 

" 

■ 

~ 

" 


■ 

“ 



1 1$-3S years 

227 

520 



1 251 

1 10-; 




ll 



' 

Ll 

1 

' 




•PetlCOgrtmmc Fit ficc bone • EA»TOe. J E . U1 I^NC. C (Ed ). WWA»*. Spon 

•• InereeKiwiihsgc *nj«iih Ike ainouflcin the dimkioa ^lec Veluee 1941. page 720 

jiTtn.refotiibiaecnae.nd’aim-A-o* f A/S 5«/ .Tt.SSl |I9581) » E*«roe. J E ..o L oko.C (Ed ), 5-.tSe,„;i’/WW. Spon 

t9<t. pege 715. rhczzasON, J W T . Bathm J ,il. 56 (1962) 


Siromlum and barium conirnli of ashed bone (uft/0 


0- 5 months 

1- t3 rears 
19-3J years 
SJ-7t yein 


Strontlum.90: calcium ratio in bone (pCi ‘"Sr-gCa) 



Mean 

MAAimum 1 

O-Syears 

2 

32 j 

5-20 years 

1 

20 

Over 20 yean 

03 

0 6 j 

1 Reference 


1 

ScHSU««uAN>i,'e(’,^'rr»Ur.»^/»,J,|23(l962) VaIum 
1 CenTuny 1960 

ftoni 


Soar 


Smitm y.*7.1M(H5’) 
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Composifion of the Body 


Organic components of soft and hard tissues (values per kilogramme fresh tissue unless otherwise stated) 




Non- 
pfotein N 
S 

Sarcoplasmic 
protein N 

S 

Fibrillar 
protein N 

e 

Collagen N 

g 

Glycoger 

g 

Mucopoly- 

saccharides 

g 

Cholest 

g 

Skelctnl muscle' 

Foetus, 14 weeks 

1.2 

3.6 

5.7 

0.6 


_ 


_ 


Foetus, 20-22 weeks .... 

1.7 

3.7 

8.7 

1.8 


- 

_ 

- 


Newborn 

2.4 

3.9 

10.9 

3.8 

'.o’S's 

- 

- 

- 


Infants, 4-7 months .... 

3.2 

5.0 

17.0 

4.6 

^ S 2 

u ^ 

- 

- 

- 


Adults 

3.0 

6.7 

19.9 

1.4 


- 

- 

2.7' 

Uterus^ 










Muscle 

Non-pregnant 


- 

5,11,4* 


- 

- 

- 

10** 


Pregnant, at term ...... 

- 

- 

13, 9, 15* 


- 

- 

- 

- 

Mucous 










membrane 

Proliferative phase 

- 

- 

- 


- 

3.2 

- 

- 


Early differentiation phase 

- 

_ 

- 


- 

11.2 


- 


Secretory phase 

- 


- 


- 

6.4 


— 

Skin^ 

Foetus, 20-22 weeks .... 

_ 

_ 


2.4 

— 


_ 


Newborn 

_ 


- 

16.8 

- 

2.9' 

- 


Infants, 4-7 months .... 

- 


- 

39.2 

- 

- 

- 


Adults 

- 

“ 

- 

45.7 


2.0' 


Bone"* 

Foetus, 14 weeks 


— 


29.2t 



- 


Foetus, 20-24 weeks .... 

- 

- 

- 

40.6t 

- 

- 

- 


Newborn 

- 

- 

- 

42.0f 

- 

- 

- 


Infants, 2-4 '/i months . . 

- 

- 

- 

44.0t 

- 

- 

- 


Infants, 5-9 months .... 

- 

- 

- 

42.7» 

- 

- 

- 


Infants, 12-24 months . . 

- 

- 

- 

43.7t 

- 

2.3" 

- 


Adults, 18-35 years 

- 

- 

- 

41.5t 

“ 

1.6" 

- 

Teeth® 










Enamel 

Adults 


- 

— 

0.16** 



- 









(Soluble 










enamel 










protein) 


Dentine 

Adults 




30.6-32.4** 

- 

mu 

4.0 


* Values for actomyosin, myosin and actotropomyosin respectively. 
** Per kilogramme dry tissue, 
t Per kilogramme dry fat-free tissue. 

tt Per kilogramme dry weight as glucosamine hydrochloride. 


References 

' Dickerson and Widdowson, Biochen . J .^ lA , 247 (1960). 

^ CsAPO, A., Amer,J. 46 (1950); Naeslusd and Snellman, 

Acta Soc.MtJ.upralitrt., 59, 349 (1954); Arronet and Latour, 
£’n^«fr.,17.26l (1957). 

^ Widdowson and DtcKERSON,5j!>f^rrr.y..77, 30 (1960);LoEvn,G.,^'^ 
chim,biophyj.Acta^ 52, 435 (1961). 

^ Rogers, H. J., TVa/m , 1 64, 625 (1949) ; Dickerson, J.W.T., BhihtmJ -, 
82, 56 (1962). 

* Eastoe, J.E.,inLoNC, C., (^^^^Bhehtmists* Handbook, Spon, London, 
1961, page 720. 


Composition of placenta and amniotic fluid (values per kilogramme fresh placenta and per litre amniotic fluid) 



Stage of gestation 

Water 

g 

N 

g 

Na 

mEq 

K 

mEq 

Cl 

mEq 

Mg 

mEq 

Ca 

mEq 

P 

mmol 

Cu 

mg 

Zn 

mg 

Placenta' 

20-40 weeks 

866 

18.5 

98 

40 


6.6 

12.4 

30 

1.5 

m 

Amniotic fluids 

First half 

- 

- 

135 

4.0 

109 

1.4 

3.6 

1.2 

- 



Term 

- 

- 

- 

- 

- 

- 

- 

0.7 

- 













- — 


1 Widdowson and Sprat, y^rfA.D/V.CAiWA.. 26, 205 (1951); for further ^ Makepe^ace ct al., Snrs.Gjmc.OhM., 53, 635 (1931); Ecovo«oi;- 
valucs sec Berger and vos Hornstein, Forlsckr.Gcburtch.Gynak,, 14, Mavrqo and McCancf, Bi3fAfn,/.,68, 573 (1958); Wfstin ct al., /f— 
4 154 (1960). 
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%ii chapter on 'VC'atec and Electrolyte Balance’ has been com- 
dby U. P. Gatnea and M ALLcAwea of the UniTcrsiry Surgical 
uc, Batle It should be read in conjunction with the chapter on 
ueous Solutions’, pages 270-271. 

be treatment of water and electrolyte disturbances h a maner 
eatotmg a balance In healthy adults the total intake of each 
nem is equal to its total tictetvon. Titatmetw thut calls for » 
iwledge of the duly water, electrolyte and calorie requirements 
he adult and of the ways and amounts in which iheyarectcretcd. 
patients it is necessary to take into account not only the daily 
ikes but alto the amounts of water and eleetrolyres whkh Kaee 
Cl and ate being excreted. The aueeess of treatment is therefore 



Jet standardized conditions It is essential to teciiiy the whole 
ctrolyte and water balance of the patient , the mere conectionof 
(iculat abnormal pUsma concentrations does not tulRce. 

mpotition of the body 

rhis is shown in detail in the chapter 'Composition of the Body’ 
pages 517-522. 


k/r I Approximate composition of the whole body and distri- 
bution of the body water expressed as percentage of the 
body weight 



Adults 


Men 

Women 

Solids 

40 

SO 

25 

Otgtnie substances 

55 

45 

. 

Mmertlr 

5 

5 

- 

Tout body wratet 

60 

50 

75 

Intracellular . 

40 

50 

40 

Extnccllular 

20 

20 

55 

(a) IntnTitculif 

4 

4 

5 

(b) intentitlal 


16 

50 


Electrolyte composition of the body fluids 
For a mote detailed discussion of the serum electrolyte compo* 
sttloa tee under ’Blood’, page 561 sq. 


TttU2 Concentrations of the principal electrolytes m serum, 
lerucn water and the intenticial and intracellular fluids' 



iHti ConTenionfsetotsfot setumcleeirolytes (see also page 276) 
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Water and Electrolyte Balance 

(For rcfetcnccs see p.igc 530) 


Water balance 


Table Average daily water turnover ofan adult weighing 70 kg'* 



Water intake 

(e) 


Water output 

(e) 

Oblig- 

atory 

! 

Facul- 

tative 

Oblig- 

atory 

Facul- 

tative 

Drink 



Urine 

m 




> 1000 



> 1000 







Oxidative . . 

350 

■ 

Lungs 

m 

■ 



■ 

Faeces 

m 

■ 

Subtotal . . . 

1750 

1000 

Subtotal . . . 

1750 

1000 

Total 

2750 

Total 

2750 


Table 5 Daily water requirements in millilitres per kilogramme 
body weight at various ages under normal conditions®- ® 


Age 

Body weight 

kg 

Estimated 

water 

requirement 

ml/kg 

3 days 

3.0 

80-100* 

10 days 

3.2 

125-150* 

3 months 

5.4 

140-160 

6 months 

7.3 

130-155 

9 months 

8.6 

125-145 

1 year 

9.5 

120-135 

2 years 

11.8 

115-125 

4 years 

16.2 

100-110 

6 years 

20.0 

90-100 

10 years 

28.7 

70-85 

14 years 

45.0 

50-60 

18 years 

54.0 

40-50 

Adults® 

70.0 

21-43 

* Average value for breast-fed infants. 


In adults, the daily water, electrolyte and calorie requirements 
can be calculated with sufficient accuracy from the body weight. 
In spite of the greater accuracy of values derived from body surface 
area this method offers no advantage since the actual requirements 
ate also subject to other factors like age, sex, the functional state 
of the heart, kidneys and lungs, fever, disease, nutritional status and 
calorie consumption. In newborn as well as older children, how- 
ever, the requirements should be calculated from the body surface 
area (see the nomogram on page 538) or the daily caloric turnover. 


Table 7 Average daily water turnover pet 100 kcal’ 


Water intake 80-110 ml/100 

Water of oxidation 10- 20 ml/100 

Urine 50- 70 ml/ 100 

Insensible water loss (see also Table 8). . 40- 60 mI/100 


Table S Average daily insensible water loss at different age 


Age 

ml/m* 

ml/10( 

0-3 years 

1150 

5! 

3-8 years 

950 

4! 

8-16 years 


4; 

Adults 

550 

4( 


At body temperatures above normal the insensible wate 
increases by about 13% for each degree Centigrade® (7% fo 
degree Fahrenheit). For the water loss by sweating see page 6 
resting infants under 12 months the pulmonary water loss am 
to about 1 g/kg body weight per hour®. 

With normal bodily activity 25% of the total heat loss c 
body is accounted for by evaporation of water (insensible 
loss)®. The heat of evaporation of water is 0.58 kcal/ml (or 1 
1.7 ml) at 37 °C, whence the water loss by evaporation can b 
culated from the total calorie expenditure. 


Table 9 Water of oxidation' 


Metabolic breakdown of 

gives rise to 

lOOgfal 


1 00 g protein 


lOOg carbohydrate 


WO g nonfatty tissue 



That the proteins of nonfatty tissue are not fully oxid i.-eu ' - 
by the presence of a nonoxidized C-atom in the urea ex." 
the urine. The breakdown of nonfatty tissue not only give- : 
water of oxidation but also releases the intracellular water \ 
100 g). Fatty tissue contains practically no water'®. 


Table tO Water arising from metabolic breakdown of body 


Metabolic breakdown of 

gives rise to 


500 g fatty tissue 

535 ml water of 
oxidation 

- 

500 g nonfatty tissue 

75 ml water of 
oxidation 

365 ml intraccllul 
water 

WOO gfatty and nonfatty 610 ml water of 

365 ml intraccllul 

tissue together 

oxidation 

water 


Total ; 975 ml water 


Table 6 Daily water requirements per square metre body surface 
area® 


Minimum requirement 870 ml/m® 

Average requirement ^800 ml/m® 

Maximum tolerance 2730 ml/m- 


Thc btc.akdown of 1 kg of the body's own tissue, assuming 
made up of equal parts of fatty and nonfntty tissue, thus gives 
to about 1 1 of endogenous, practically sodium-free water, 
important that this should be allowed for in patients wit.i a 
caloric consumption whose water excretion is low (e.g., after vi 
tions), since otherwise they may easily become uattcrlogg 
patient given only electrolytes and 5% glucose solution at 
uncomplicated abdominal operation should therefore lose 200 
weight pet day'®. 



























water and Etectrolyte Balance 

(Ite itficrence* tee ptge S)0> 


;«rolyte b»\an«e 

W« // Daily tequitements, usual mtaVe»nd*«nget*o«ion<rfTatiou»eUtijolyt«»’-^-'® ” 



MiniBiam 

K<|uir«ncat* 

inEq/djy 

Usoal intake 

■nEq/dty 

Average Meretion** 

S’llh 1 

an ifliaVe of I 
mEq/day ( 

mEq/day 

mEt[/day 

s« 

mEr 




1 





20 

50-250 

100 

97 



Per square metre body sujface . 

12 






Pet Vilogiimme body weigKi .... ........ • 

Oi 









1 1 





20-33 

50-150 


90 



Pet square metre body surface 

; 12-fO 

29-«7 

100 j 

1 



Pet kilogramme body weight 

i 03-05 

1 0.7-2 1 


i 



Ca/iiett 







Adults • ■ • ■ . . • 1 

« 

25-75 

1 “ 

5 



Pet equate mette body lutfice. 

9 ! 

14-43 





Per kilogramme body 'aeight 

02 

0.4-1.1 





AhgHtllH’t 







Adults .... 

t^2S 

20-50 

30 

10 1 



Pet square metre body surface 

9-14 

12-29 





Per kilogramme body weight . . 

02-04 

03-07 





CWeridt 







Adults 

20 

50-250 

100 

97 

3 


Per square metre body surface 

12 

29-145 





Pet kilogramme body uelghe 

03 

I 

0.7-35 

! 



L 


** ro< Kc un^t 'Usuw', ptgcs Tmccs'i ptg^ 

•Sws’. rijet 679-680 


Teilt It Amounts and <l««tfolytc conttnrs of imponant body fluids' 



Amouni 1 

s-a.- 

mEq/l 

y<xa.,ium 

mtq/l 

Qiloride 1 
tnEq/1 

Bicarbonate 

ihCq/l 

fill 

Saliva 

! 500-1500 ml/24 h 

10-25 

15-40 

10-40 

! 2-13 

- 

Ga«t\e 

1 2000-3000 my24b ( 

- 

- 

- 

- 

~ 

with patietal-eell secretion 

1 - 1 

20-70 

5-lS 

80-160 

1 0 

acid 

without p3nc(at.<e11 secretion 

1 

70-150 

5-lS 

80-120 

' 25-40 

neutral toweaklyal 

Pancreatic juice 

1 3O(V150O ml/24 h | 

140 

0-9 

110-130 

25-45 

■Ik.tline 

P.ic 

j 230-1100 ml/24 h 

130-163 

3-12 

90-120 

1 30 

weakly alkaline 

Inteatinal secretions 

Small intestine. 

i 3000ml/24h 1 

1 j 

- 

- 

- 

1 - 

weakly alkaline 

tube 


82-140 

2-8 

43-137 ^ 

_ 

- 

llcostotny, tecent 

1 

105-144 

6-29 

1 90-136 

_ 

- 

Ileostomy, idapred 

- 

46 

3 

21 


. 

Coceostomy 


53 1 

8 




Inttiluminal fluid 

1 500ml 

70 

35 1 

! - 

_ 


Sweat 

500-1000 tn1|24b * 

S-«0 

S-15 

5-70 


_ 

Ceitbtospinal fluid 

1 100-160 ml 

130-150 

25-4 5 

122-128 

25 

weakly alkaline 

Transudifcs** 

1 

130-145 

2S-S 

90-110 


_ 

Faecal witet*** 


- 


" 

1 — - . 

- 


••p>e»e<j,nti»dnni«<lmrt«Mlyin*«|,c«cMp«n*ilin8»itf,el»e i- ■ * "S » .«< • . , 

ind...J«.l W. ftuid. The »»lue, h, ih« inreKiml Rention* md tnn- 

jaiiyenre^from W«»wt> inJ fhr<»e ftw the intrtluinuiil 

•* The TOiotef » I " 1 . 

\nicfum»jwr irmuinion ihesep foO 9 sfof eodiurtijO OJfrtepeKaifnini ei -e 4 * 4 ■ r ■ 
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Water and Electrolyte Balance 

(For references see page 530) 


Table 1 3 Sodium nnd potassium exchange in a man weighing 
70 kg'®''® 



Sodium 

Potassium 

Total exchangeable'’' 

In plasma 

In interstitial fluid . . 

In intracellular fluid . 

Avct.agc intake 

Average excretion . . 

1 mEq corresponds to 

2800 mEq 

450 mEq 

1900 mEq 

220 mEq 

100 mEq/24 h** 
100 mEq/24 h 

23 mg 

3400 mEq 

14 mEq 

60 mEq 

3300 mEq 

100 mEq/24 h**'» 
100 mEq/24 h 

39 mg 

* Including sodium in the bones, which is not otherwise included in the 
table. Tor further details see 'Composition of the Body*, page 518. 

** 1 1 of physiological (isotonic) salt solution (0.85Vo) contains 145 mEq 
each of sodium and chloride, which is more than the daily requirement 
of salt. 

*** 60 mEq/day is adequate if given parcntcrally and kidney function is 
unimpaired^®. Patients with healthy kidneys can safely be given infusions 
of 20-25 mEq potassium per hour; in severe potassium deficiency it may 
be necessary to give 50-60 mEq per hour^®. 


Osmotic relationships 

The distribution of water and its solutes in the water spaces of the 
body is a result of the osmotic relationships. The membranes 
separating the various fluid phases of the body (the vascular endo- 
thelium and the cell membranes) arc in general fireely permeable to 
water, so that there is a uniform osmotic pressure throughout the 
body fluids. For a discussion of freezing-point depression, osmotic 
pressure, osmolatity and osmolality see pages 270-271. For conver- 
sion tables see pages 272-273. 


The albumins contribute about 85% of the colloid-osr 
sure. Since fibrinogen has practically no osmotic effect 
its high molecular weight the colloid-osmotic pressure 
can be assumed to be the same as that of plasma. 

When the composition of the plasma proteins is abr 
colloid-osmotic pressure can be calculated by means of tl 
of Keys'^: 


Colloid-osmotic pressure 
(in mm HjO) 




(4.52 A + 1.886 C) x : 


where A = albumin concentration in g/1, C = globulin t 
tion in g/1, T = absolute temperature in kclvin (K) = 27; 
/c = a factor whose value depends on the total protein i 
the serum as follows: 


Total protein 
content of scrum 
(g/1) 

10 



1 40 

1 

50 

60 

1 

/c 

0.88 


0.98 

1.03 

1.09 

1.17 


The colloid-osmotic pressure is counteracted by the h; 
pressure in the capillaries. 


Capillary pressure at 3( ;C (see also page 553): 


Arterial limb 32 mn- 

435 mi 

Venous limb 12 mm 

163 mi 


For osmotic activity of serum electrolytes see Table 3, j 


Freeyng-poinl depression of plasma at 38 “C; 0.540 °C 
Osmotic pressure of plasma at 38 °C: 7.39 atm (5616 mm Hg) 
Osmolality of plasma at 38 °C: 291.2 mosm/kg water 


The theoretical osmolality of blood plasma calculated from its 
known components and assuming their complete electrolytic dis- 
sociation is 325 mosm/kg serum water. The difference between this 
value and the actual osmolality of 291 .2 mosm/kg serum water (the 
numerical value is about twice that of the sodium concentration in 
serum in mEq/1) is due to the fact that the electrolytes arc not 
completely dissociated in serum. 

Tonicity. From the clinical standpoint, tonicity and osmolality 
ate the same thing. A solution is described as isotonic when it is 
-iiiotic with serum, i.e., has the same osmotic pressure as serum, 
practice, both hypotonic and hypertonic solutions with osmolali- 
- ranging from 140 to 1710 mosm/kg water can be administered 
■ ■ ■ ausly without causing haemolysis’, ‘/e molar, or ’/e nor- 
.iial, solutions of all salts having binary dissociation can be regarded 
for practical purposes as isotonic (333 mosm/1). 

The maintenance of the plasma volume and the distribution of 
fluid between the plasma and the interstitial space is mainly depen- 
dent on the ‘effective’ osmotic pressure of the plasma proteins. 
The capillary endothelium is freely permeable to almost all the 
substances in solution in the extracellular fluid, the total osmotic 
pressure of which is determined mainly by the sodium and chloride 
ions. However, since these ions pass freely through the capillaries 
and become uniformly distributed by diffusion and filtration 
throughout the extracellular space they cannot contribute to the 
osmotic pressure gradients between the intravasal and extravasal 
spaces. On the other hand, the intravasal space contains almost all 
the large protein molecules. As a result of their effective osmotic 
pressure, these molecules prevent the passage of water out of the 
plasma in spite of the fact that they arc responsible for only a small 
part of the total osmolality. This specific effect of the plasma pro- 
teins is known as the colloid-osmotic or oncotic pressure. 


Oncotic pressure of plasma at 38 “C: ca. 0.04 atm 

ca. 30 mm Hg 
ca. 400 mm l UO 


Table 14 Osmotic activity of serum crystalloids’® 


1000 mg glucose/1 serum 5.5 n 

1000 mg urea/l scrum 17.2 n 


Table 15 Osmotic activity of serum colloids’® 



eA 

mEq/1 

Albumin 

45 

1 

14 ! 

Globulin 

15 

2 1 

1 

Total proteins 

60 

16 j 


Infusions of plasma and blood arc distributed througl 
intravascular space, those of isotonic clccttoK'tcs thtougl 
extracellular space, those of isotonic crystalloid solutior 
glucose solutions) throughout the total body water. 


Calorie requirements 

The definition of the caloric and conversion tables will b 
on p.igcs 212-213, the daily caloric requirements on page • 
calorific values of foods on pages 498-515, and the calorifu 
of fats, proteins and carbohydrates on page 539. 

The caloric requirements in parenteral infusion therapy 
met by solutions of carbohydrates and amino acids and by cm 
of fats. Commercial prcpar.itions of known calorific va 
available. 

The human body cannot normally utilize more than ca 

D-glucosc pet kilogramme body weight pet hour’®. 

Ethyl alcohol95 vol% furnishes 5.6 kcal/g,lactatc0.31 kc.a^ 

250 ml of plasma contain 15 g protein, cquiv.ilent 

The total calorie consumption and expenditure of a 
p.aticnt who is not bedridden but whose activity is limited ai 
to approx. 2000 heal per d.iy. 








Water and Electrolyte Balance 

(Tot tefeRnca kc page S30) 


16 Daily catotie balance of a imn weighing 70 kg'* 


Avenge Intake 

Average eietetioo 

iOO g fat + carbo- 
hydrate + protein 
iSOl oxygen 

12 g urea nitrogen 

450 1 carbon dioxide 

300 ml water of oxidition 


Fat 

Carbohydrate. . 
Protein 

Energy 

inkcal 

900 

1400 

300 

Bodily activity G>ght) . 
Specific dynamic c/Iecf . 
Basal metabolism ... . 

1 1 1 1 II 


2600 


2600 




cid-baie balance and pll 

The concentration of hydrogen ion* in the vatioua water eom- 
inmenctofthebodyUdetemiinedby the amount* and proportion* 
: acid* and base* present*. It la maintained within deRtute limit* 


pH-610.1- log 


where [total COilr — turn of the concentration* of dissolved CO* 
dnd fICO; in the plasma (r = plasma) in mmol/1. Conversion into 
Tol% I* nude as follows (see page 276): 

lir 

The suenof the concentrations of dissolved COs and HtCO* in 
the pbsma (mmmol/I)can be calculated from the formula; 

(COtlf 0.0301 Pcoi 

TheconcenmtionofHCO; Inthe plasma (in mmol/I) Isobtained 
a* the diOerence bet« een the total CO* eoncentrarJon and the con- 
ccmraiion* of dissolved CO* and HiCO*: 

[HCOil* - C0.1» - [COtle 


retent, change* tn the eleettolyte content of the body Huh]* often 
lute c^nge* in pH and vice vert* 


'M t7 DufCet capacity (^mCt^l^pHlofthe body tistuc*** 

lOalfttcipMltyl KilugiimiB* .Bulfer <»p«ii)r| 


T<d>U 19 Norma) values for the COi-blearbonare lyiiem In the 
arterial and venous blood of adult**** if 


Blood I 18 I 010 

MukIc I 5 I 065 


Tail* IS Relative buStt capacity of bkjod*' 

{ Cells 79% 

flonlred protein 13 6*.* 
rUsma 21% I Dicstbonaie 61*/> 

\ rhosp^iate I 55» 

On a normal mixed diet the body has i poinive bydrogcn-ion 
balance The hvdrogen ions arising from the breakdown of foods 



Unit 

DIooJ 

Mean 

Range 

rii 

(IlCO;),***. 

ree, 

[total CO*]p . ... 

ICO,|,. . . . 

mmol/l 

mmllg 

mmoI/l 

mmol/l 



7.32-7.42 

7.35-7.45 

24- 23 
22-26 
42-55 
34-46 

25- 29 
23-27 

1.26-1.65 

1.02-1.38 

* For|ret*ona1ivine at *pi 

T,..l a. 




*•« — anenai blood, * — 

enouabll 

V... 



m- 





* . ‘ ' 


- 




The respiratory component* of the acid-has.. 
quately expressed by the P^o, value, whether ^ c' 
l^mwarebest expressed by the plasma bicarU,n,J"'‘’^°’‘' 
ihe buffer base content of the whole blood W 

the base excess of the whole blood « (,te pail 57^®* ^ly 

discsustoft*'. ' 8® 3/1) IS a matter of 

T^ following changes in acid-base baUtirr .. a 
OTthebasu of the origin of the disturbance- “'“'nEuished 

^ J^^^^*‘i'^°”*‘^«“'®''’^coiasaresultofte1u .trr. 




Water and Electrolyte Balance 

(Por references sec page 530) 




3. Metabolic alkalosis: Increase in the base content or decrease in 
the acid content of the blood. 

'1. Metabolic acidosis: Increase in the acid content or decrease in 
the base content of the blood. 

Two of these disturbances may appear at the same time (cf.Fig.2). 


Piji. 1 Nomogr.am for the evaluation of the Hendersom-Hassel- 
BALCn formula*® 


[Total CO.]r 


1 5 

B > mmnl/1 


45 


100 


1-45 


[COaJr Pc 02 
mmol/1 mm Hg 



Blood volume 

Table 20 Blood volume in health*'® 


Body build 

Blood volume as perec 
of body weight 


Men 

Won 

Normal 

7.0 

6.5 

Obese 

6.0 

5.5 

Thin 

6.5 

6.0 

Muscular 

7.5 

7.0 

* Based on measurements of absolute blood volume made by separate i 
simultaneous determination of plasma volume and red cell volume us 
two difTcrent tracer substances and addition of the results. For a detai 
discussion of blood volume sec pages 554-555. 


Body surface area 


Table 21 Surface area of various parts of the body as percen 
of total body surface** 


Age in years 

Head 

Trunk* 

Arms** 

Le 

0 

19 

34 

19 

21 

1 

17 

34 

19 

3( 

5 

13 

34 

19 

3^ 

10 

11 

34 

19 

3< 

15 

9 

34 

19 

3£ 

Adults 

7 

34 

19 

4C 


♦ Including the neck, genitals and buttocks. 

** At all ages the palm of the hand is about 1% of the total body sutfac 


Fig. 2 The pH-bicarbonate diagram of Davenport*® as modified 
by Ferret** 


PcOi 



Table 22 Rule of nines for adults* *'' : Surface area of various p: 
of the body as percentage of total body surface 


Head ' 

Arms, each '■ 

Trunk, front h 

Trunk, back 1' 

Legs, each 11 

Genitals i 


Total IOC 


* The buttocks are included in the lower limbs. The proportions arc suf 
ficicntly accurate for clinical purposes. 


Parenteral therapy 

P.iticnts should befed by mouth .as soon as this is feasible. VCT 
intravenous water and electrolyte infusions arc necessary at le.i 
part of the patient’s nourishment should be by mouth if possibi 

Infusions should not be given subcut.ancously; absorption 
slow and irregular (diffusion of ions and water), the procedure 
painful, the amount of fluid that ran be given limited, and the ri^ 
of infection greater than when the intravenous route is used, 
more than one infusion must be given, early installation of t 
intravenous tube is advisable. In the event that the tube must be Ic 
in situ for several days it is best to use the cephalic, basilic or jugul 
vein and introduce it as far as the superior vena cava. This methe 
appears to involve less risk of thrombosis than the use of tl 
saphenous vein and the inferior vena cava. The smaller veins t 
the arms or legs can be used, however, if the infusion is of sho 
duration and the solutions arc more or less isotonic. 


The heavy line running from upper left to lower right is the normal 
plasma buffer curve, that running from lower left to upper right the 
Pcoz isobar for normal plasma (40 mm Hg); other /'coa isobars arc 
shown by thinner lines. TTie point of intersection of the plasma buffer 
curve and the 40 mm Hg isobar represents blood with the normal 
values pH = 7.40, bicarbonate concentration = 24 mmol/1, Pcoz == 
40 mm Hg. 

The numbers in the diagram denote areas in which there is disturb- 
anceof acid-base balance: / Compensated rcspiratoryacidosis.2Com- 
pensated metabolic alkalosis. 3 Compensated metabolic acidosis. 
I 4 Compensated respiratory alkalosis. 5 Respiratory and metabolic aci- 

. dosis. 6 Metabolic and respiratory alkalosis. 7 Fully compensated res- 

piratory acidosis or metabolic alkalosis. S Fully compensated meta- 
bolic acidosis or respiratory alkalosis. 
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Water and Electrolyte Balance 


Tablt 24 Order of priority in the parenteral therapy of acute dis- 
turbances of water and electrolyte balance'® 


1. Maintenance of blood 

5. Administration of potas- 

volume 

sium (sec Table 13) 

2. Maintenance of colloid- 

6. Total body water and 

osmotic pressure 

electrolytes; maintenance 

3. Restoration of acid-base 

of requirements and 

balance 

elimination of deficits 

4. Restoration of total 
osmotic pressure 

7. Provision of calorics 


A great variety of crystalloid and electrolyte solutions of known 
constitution arc commercially available. The tendency is now to 
restrict parenteral infusion therapy to a minimum number of basic 
solutions meeting the daily water and electrolyte requirements. 
Ampoules containing other electrolytes arc available for mixing 
with these solutions if the need arises. Potassium chloride and 
lactate, sodium chloride, bicarbonate and lactate, calcium chloride, 
magnesium sulphate and others are supplied in this form. 

Metabolic disturbances of acid-base balance mostly requite 
treatment with sodium bicarbonate, sodium lactate, ammonium 
chloride or arginine hydrochloride. An effective intracellular buffet 
is also now available in the form of tris-hydroxymcthylamino- 
methanc (THAM). Its 0.3-molac solution (36.3 g/1) is isotonic and 
is usually given at a dosage of 0.3-0.5 g/kg body weight over 3-4 
hours®®. 


The following colloidal solutions ate in common use in parenteral 

infusion therapy; 

1. Whole blood: available as stored citrated blood, fresh cittated 
blood, fresh blood drawn over cation exchangers, fresh hepati- 
nated blood, or blood given by direct transfusion. 

2. Red-cell concentrates : in their own plasma or in isotonic electro- 
lyte solutions. 

3. Plasma and plasma fractions; available as dried human plasma 
(not free of hepatitis virus), pasteurized plasma protein solutions, 
fresh plasma, or solutions of albumin, fibrinogen, antihaemo- 
philic globulin and gamma globulin. 

4. Plasma expanders in the form of dextran solutions (average 
molecular weight of cither 70 000 or 40000). 
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The individual funaions of the kidneys can be assessed by mca>U 
of quantitative as well as so-called semiquancitaiive testa. Iltc 
quantitative tests are mostly based on the clearance piirtciple apd 
belt use is not in all cases practicable ot necessary; some arevenr 
:ime-consuming and may involve refecting the patient toa speci#l- 
aed cUnie. The setniquantitative testa include determinations 
lonptotein nitrogen (NPN) and ‘true’ endogenous eteatinme tn 
ihe plasma, the phenolsulphonphthalein (PSP) test, and the flu*d 
deprivation test for determining the ability of the kidneys to con- 
centrate utme. The sensitivity of semiquantitative tests can b® 
established by comparing their results with those of precise quanti- 
tative methods of determining the renal functions conccrtted 


portion,$o that the filtration fraction remains practically unchanged 
ThestandAfd values at any age are given by thefollowmg equations: 
C,. =157 0-(1.16 xagemyeafs) 

CpAR “ 820 2 — (6 7S X age m years) 

The ceoa! fraction of the minute output of the heart amounts 
normally to about 20% 

Siiiiqaaitlilaiivt mtihoJi 

There esists no simple linear relationship between ihe glomerular 


Renal haemodynamlci 
Qiuaililativl mithods 

In these tests the plasma clearance (C)*'* of certain substances 
is calculated by means of the formula ' 


f/x V 


cn 


where U and P are the concentrations of the clearance substance 


healthy kidneys* and may fail to react to a reduction m the glomeru- 


body,tinceic ism this tissue chat most oftheereatinme is formed^^ 
In determining plasma creatinine care should always be taken that 


recently been shown' that a poly(fruetose)sacchatide resembling 


The effectiTc renal blood flow'— 

1 - 

(Ht - peripheral haematocnt value) 
The total renal blood flow' is 


0 ) 


On account of its physicochemical and physiological properties, 
(PAH) IS superior ro all other substances for (be 
determination of the unalplatmt fiiw (Cvah)' * 

t/fABXk' 

CvAlt «* — 

PfAtt 

The loial renal plasma flows n 
unr— 


^saii IS the renal excraetion CtAn — " 


vidual variations bur is of the order of 15%" a disturbing 

factor in the teat, whereas in renal insufficiency their importance 
becomea lesa in inverse proportion to the true plasma creatinine 
level 


TM i Normal valuea m renal haemodynainies (based on a body 
surface area of 1 75 m') 


1 Normal conditions (mixed diet, urinary volume 1-3 ml/min) 

Women* 

Cl, 

. 108 S 13 5 ml/mtn 


Cvah 

. 592 ± 153 ml/min 


FF 

. 0 194 i 0 039 


RBF' 

. 982 ± 164 ml/mm 

Men* 

C,. . 

. 1241 ±25.8 ml/mm 


CrAH 

654 ± 163 ml/min 


FF. 

0 192 ± 0 035 


RBF' 

■ 1209 ± 256 ml/mm 

Men 

c,. 

124 5 ±9.7 ml/mm 


CvAH . 

. 638 6 ±84 5 ml/mm 



. . 0197 ±0 018 


RBF'* 

... 1165 ml/mm 

2. Hydration (urinary volun- 

e6-12ml/min) 

Men 

Cl 

. • . 152 6 ± 14 7ml/min 


CfA« . . 

• . 711.7 ± 136 5 ml/mm 



.... 0 220 ± 0 037 


3 .me In dietetic te.ttletion of .odium to 30 mEo/dav 

Ijm?™ ” '"'oW-y. "ftnaty voium"; 

107 6 ± in tnl/min 

• -e ®31.2 ± 87 8 ml/mm 
0172 ±0 018 


C„ ... 
FF . . 
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Renal Function Values 

(For references see page 536) 


The upper limit of the normal range of plasma NPN conctntration 
considered to be 40 mg/100 ml*^. Increases in this level ate 
nown to be dependent on an increase in the urea fraction. The pto- 
ortion of the NPN due to the urea fraction can be calculated 
aughly from the urea nitrogen by means of the formula of Peters 
nd VAN Slykb^®: 

NPN (in mg/100 ml) = 10 + (1.07 X utca-N in mg/100 ml). 
Here it should be borne in mind that in chronic renal insufficiency 
ac rise in the NPN is not due to urea nitrogen to the extent indi- 


cated by the above formula. Whereas in acute renal failure up 
90% of thcN PN is represented by urea, in chronic renal insufficien 
there is a relatively larger increase in other NPN components. 

The 15-minute phenolsulphonphthalein test (after a single i.v. inje 
tion of 6 mg of the dye) is not sufficiently sensitive to reveal sm; 
changes in the excretory function of the renal tubules^'. T 
marked variance of the sample values around the regression lii 
(Fig. 3) is due in the main to the combination of PSP with plasr 
proteins (dependent on various factors), the absence of a fio 


•ig. 1 Nonlinear relationship between the concentration of ‘true’ endogenous creatinine in plasma (Per, as measured by the method ( 
Loken^') and the renal inulin clearance (Cin). Ty = 95% tolerance range for T/sf'® 



Fig.2 Nonlinear relationship between the concentration of nonprotein nitrogen (NPN) in plasma and the renal inulin clearance (Cm)’’ 



Renal Function Values 

(For rrliercocet tec ptgr 


Unear relationship bervteen the percentage ewretion of 
phenolsulphonphthilein (PSP, IS-rnmute t^ne aftce » 
tingle i ▼. injection of 6 mg) and the renal PAHcHirafte* 
(.Crtn). 7] 95‘/» tolerance range for Yfx** 



ifibt lum of PSP m the body floij compartments after a ^g(e 
ction. failote 10 take account of body ueight tn eraluating tb« 
alts, and the use of tpontaneems utme twn^es** 


uiion and eenc«ritrail«n of udne 

rests of the diluting ctptcicy of the kidneys ate osuatly noat 
pertse li u ifh If the ctgan can eoneentnte urine it mutt also be 


aitiuiim 0tl^t 

VChen ADH (intidiuretic hormone) activity is at a maatotum, tb< 
inary concentrat mg etpsciry is limned by rao factors’* (a) dur- 
t hydropettu and oligucu by the cnaximum value of she ratio 
ivteefl the osmotic conceniraiiom of the utiise and plasma 


Fig t Plots of Tiijo duting saline diuresis ( ) ar 

diuresis ( ) in (a) a healthy nun and (i) ; 

essential hypettension** 



a tendency to decrease (Fig 4). In contrait to the rie 


A‘»r«r«/ »«/«/ 

Masimurn urinary osmulatily 


Miiimum value of 0*~n?P»i. 


f*K«o(withlv infusion of hy- 
pertonic mannnol solution) 
P"hvo X lOO/Cu (with IT. in- 
fusion of hypertonic mannnol 
solution) 


1 

900-1400 mosm/)**"*’ I 

fW7 ± llOmpsin/l** ' 

1067{«)l».lZ30)mosm/l*a I 
2.TJ±036»» I 

}b>-4 65»« 

S 7 1 2 0 ml/mig »» | 


51 i 15 »* 


At maximum diuresis the excess of otmotica/fy ft,, 
parrf to 1 hypothttical isostnoticuiinary portion can ^ 
as the maximum free-water cleannee (7>r,?to). 


N«rmal taint (1.73 m* body surface area) 

7*.uo = maximum Ci,^ _ _ ^ 

23i 


nosm/l 
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Renal Function Values 

(For references see page 536) 


Pig. S Diagram foe reading off values of Tmu^o from those of 
Wiim//’o»m and the simultaneous urinary minute volume in 
osmotic diuresis'*^ 



There are considerable discrepancies in the ‘normal’ values given 
in the literature for some of the parameters of renal concentrating 
capacity, a result of differences in the experimental methods. The 
concentrating capacity of the kidneys can be increased by means of 
a protein-rich diet"; it is decreased under conditions of inadequate 
dehydration and in man (fluid deprivation test) is independent 
of the sodium chloride intake". 

For persons between the ages of 24 and 72 years with healthy 
kidneys the age dependence of maximum urinary osmolality as 
found by a 24-hour fluid deprivation test is given by the formula 

Uatm (in mosm/1) = 1134 — (4.1 X age in years) 

Semiquantitaihe mtthois 

While the underlying physiological process in the concentration 
of urine consists of the removal of osmotically-ftce water, the 
various electrolytes and nonelectrolytes present contribute in 
different degrees to the specific gravity and osmotic pressure. The 
determination of the maximum specific gracily of urine in the fluid 
deprivation test" must therefore be regarded as a semiquantitative 
test of renal function. 

Glucose, phosphate and sulphate cause a high specific gravity of 
urine at fairly low osmotic concentrations'*®, whereas chloride and 
urea exert a relatively high osmotic pressure for a given urinary 
specific gravity (Fig. 6). In persons with healthy kidneys the maxi- 
mum urinary osmolarity reached in the fluid deprivation test is only 
loosely related to the maximum specific gravity®®. The variance in 
the relationship between these two parameters increases in renal 
disease (Fig. 7)®®. 


Normal specific gravity of urine (24-hour fluid 

deprivation test) 1.035 ±4®' 

Lower limit of the normal (healthy kidney) 1.026®'*-®®'®® 


The maximum urinary specific gravity falls from an average of 
1.032 at 20 years to an average of 1.024 between 80 and 90 years®®. 

Dependence of the 24 -hour urinary volume on the amounts of solutes removed 
in the urine and the concentrating capacity of the kidneys 
The amounts of solutes removed in the urine depend both on 
the dietary intake, particularly of proteins and salts, and on the 
calorie turnover of the body®*. A mixed diet yields about 1200 
mosm of urinary solutes per day®®, an amount reduced by fasting 
to about 800 mosm. In fasting subjects given 100 g glucose pet d.iy 
the urinary solutes fall to 400 mosm per day, while a diet low in 
protein and salt but rich in carbohydrates (with maintenance of the 
basal metabolic rate) results in a further reduction to 200 mosm per 
day. On the basis of a maximum urinary osmolarity of 1400 mosm/l 
the amounts of water required for the excretion of these amounts 
arc 857, 571, 286 and 143 ml respectively. In isosthenuria (urinary 
osmolarity of 300 mosm/1) the renal elimination of 1200, 800, -*00 
and 200 mosm of urinary solutes requires respectively 4000, 2667, 
1333 and 667 ml of water. The relationship between the renal witcr ; 
requirement and the urinary osmolarity for different daily amounts ! 
of solutes removed in the urine is shown in Figure 8®'. ! 


Fig. 6 


Contributions of various urinary components to the specific 
gravity and osmolarity of the urine-*® 
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Tubular transport functions 

Clearance techniques enable an assessment to be made of the 
state of functioning of the active local transport mechanisms in the 
proximal tubular convolution. Both the tubular secretion c- 
p-aminohipputic acid (PAH) and the rcabsorption of glucose (G) 
from the tubular urine ate limited by transport maxima (Tn)’. 

TmvMi = (Utah X t-0 - (Pvau X G„ x ky 
where Upaii and Pvau arc the concentrations of PAH in urine an-l 
plasma respectively and b is a correction factor for the plasma PAV 
fraction that is protein-bound and not filtrablc by the glomeruli. 
The normal value of k is 0.83. 

Tmc. = {Po X Cm) - (Co X 


Normal values (for 1.73 m® body surface area) 

TmvA-n Men 79.8 ± 16.7 mg/min® 

Women 77.2 ± 10.8 mg/min® 

Tmc. Men 375 ± 79.7 mg/min’'® 

wr- *5r»'? . CC 1 
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f 7 Relitiojuhip between the maximum Of tnary specific gtaTity(SU)»chiw*d in the l8-hoiit fluid deptivation test and thecoftespoUcj. 
mg osmolanty (V,.„) of the urme: (SU - l.OOO) x IWOlt/^ = 0 031 B ± 0.005 



Thete renal funetioni can be differentiated more ptecncly by 
rehsing Tarratt (ai s meaiure of the functioning iceretory renal 
tiriuc] and Two (as a measure of the reabsorptiTe tenal tissue) to 
Cl. and CrsH cespeclirely The ratloi Ci./r*rrAi'> CrAnlTutrAH 
and TmalCi. are measures of glomerular acti»ity, i e , of live effee- 
(iTc renal phsma flow pet unit of the secretory or reabtorptivc 


) AVer*/ ra/tts 

I Ci.yr**i.*n 1.54 ± 0 4 ml/tngS 

j Cfah/TVipah . 8 28 ± 2.2 ml/mg* 

TmalCtrn 2 41 ± 0 35 mg/ijil' 


All these functions show sge regression between the 20ih and 90ih 
years of life 

Twpah — 120 6 — (0 865 X age in years)’* 

Tufa — 432 8 — (2 604 x age in yean)** 

C,./r».,.n - I.J82 - (0 001 S8 X age m years)*' 
C,»B/rarpAH - 7 710 - (0 0278 X age m years)*' 

Excretion of adds and electrolytes 

The lofa/tiiJtxcTtiioi (.4k*) I* made up of potentially lonizable 
hydrogen ions (liiratable acidity, TA) and bound (nonionsaable) 
hydrogen ions in the form of ammonium tony (NHJ) 


f‘ig S Relationship between utiruty volutne and osmolanty 
yarious solute concentrations S' ** 



volume (ml/24 h) 
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Renal Function Values 


Normal raliiet (on n mixed diet) 


Total acid excretion (AiP) 

... 30-80 mEq/24h«® 

Titratable acidity (/Ita) 

... 10-30 mEq/24h®® 

excretion (/dNiij) 

... 20-50 mEq/24h®® 



... 1. 0-2.5®® 


1.28 ±0.14®" 


The difference between the sum of the TA and NHJ excretions 
and the bicarbonate excretion (HCODis known as the effective acid 
excretion (Antu)- 

— ydiicoj = Ata + — ^iicoj (14) 

In alkaline urine the effective acid excretion has a negative value 
since mainly bicarbonate ions arc excreted. 

The pH value of urine may vary between 4.6 and 8.2^- 

An accurate assessment of the tubular treatment of an electrolyte 
from the excreted proportion ofthe amount filtered by the glomeruli 
is possible only when the substance concerned is freely filtrable and 
is exclusively reabsorbed in the tubules and not secreted. The only 
important electrolytes at present considered to fulfil this condition 
in man ate sodium, chloride and bicarbonate. 

Table 2 gives the mean values for the glomerular filtration and 
total excretion of some electrolytes in the 24-hQur urine^'*. 

The glomerular filtration rate (GFR) of a completely filtrable elec- 
trolyte {E) is calculated as follows; 

GFRe (in mEq/min) = k X PeX Gin (15) 

where Pe is the plasma concentration of the electrolyte (in mEq/1) 
and k a correction factor for the small differences between the 
concentrations in plasma and glomerular filtrate resulting from 
the Gibbs-Donnan equilibrium and the lowering of the water 
content ofthe plasma by the proteins. 

The value of k is normally 1 .02 for Cl and HCO3 0.96®^ for 
Na+ and 0.92®^ for K+. 

For calculation of the amounts of partly plasma-protein-bound 
electrolytes filtered by the glomeruli it is important to know the 


Table 2 Amounts of solutes excreted and reabsorbed assuming a 
glomerular filtrate of 130 ml/min 



Amount filtered 

Amount excreted 
in urine 

Urea 

46 g 

20-35 g 

Uric acid 

7.2 g 

0.1-2 g 

Amino acids 

SOg 

0.5-1 g 

Creatinine 

1.2 g 

1.2-1.5g 

Glucose 

180 g 

- 

Albumin 

36 g 

- 

Sodium 

600 g 

4-6 g 

Chloride 

640 g 

6-9 g 

Potassium 

7.2 g 

2.5-3.5 g 

Bicarbonate 

4900 mEq 

1-2 mEq 

Calcium 

uncertain 

0.01-0.3 g 

Inorganic phosphate 
(asP) 

5.6 g 

1-5 g 

Inorganic sulphate (as S) 

2.9 g 

1.4-3.3g 

Water 

1801 

1.51 


filtrable part. This is dependent on the concentration and com] 
tion of the plasma proteins and on the pH value and other phyi 
chemical conditions. 54% of the plasma calcium and 68% ol 
plasma magnesium arc normally ultrafiltrable®®. 

So-called ‘normal’ values for the clearance of electrolytes 1 
littlcsignificance since they ate very largely dependent on exoget 
factors. 
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Body Surface Area of Children 


Nomogram for determination of body surface area from height and weight 

Body surface area 
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lie basal metabolism (or basal metabolic tate, BMR) is the 
ine tequitement of the fasting body, physically and mcnrallyat 


Hritatieni ef fanoxs organs to Ihe hatal mtlabthim ' 


o,„. 

Weight 

(kg) 

Pro- 

poiiion 

Oiygen 

consumption 

Pro- 

poiiion 

olbau) 

boliim 

(H) 


peikg 

(ml/mn) 

organ 

(ml/miti) 

a) Liver 

1.5 1 

21 

44 

66 

26 4 

hVljAVUtv 

\A 1 

TQ 


44 

VR4 

[c) Heart 

03 

0 43 

94 

23 

92 

;d) Kidneys . . . 

03 

0 43 

61 

18 

la 

(a)-(d) together.. 




153 

61.1 

|e} Skeletal muscle 

27,8 

39 7 

23 

64 

25 6 

Total (a}-(e) . . . 




217 

667 


The DMR is dependent on many facton* pstticuhtljr se^» 
tight and weight, bodily constitution, age and hotmonai balance 
'ally and seasonal thythms as well as elimatie effeets hare alsobee** 
bseteed In women, slight eatiations occur duting the course 
ie menstrual cycle* and there is an tnetcase of about 20*/4 
ards the end of pregnancy* Many standard values for the BMn 
ave been publisned. in common use ate those of HAaais an- 
C^BDICT^ IVMTiiar, SaaxsoN and Ou^n', RoaearsOH and 
.aio*, and rteiscii* Standard values for children have bee^ 
ublished by Shock'* and by Lewis cr at " The BMR of »** 
ints'* and children’* has been ettensively investigated and th«* 
s the 50*90 year-old group has been the subieet of a specs*' 
tudyie 

Standard values of the DMR are usually related to body auefae* 
rea (for the determination of body surface area tee pages 507 and 
38), but more recently suggestions hare been made to use the fa*' 
tee body mass (muscle mass or 'active tissue mass')'*, an aeeewed 
neaiuie of which is the urinary creatinine excretion’* In infant* 
he DMR IS best related to body weight" 



Varialun »f RQ vitk agi ' * 


Newborn, first hours of life 

0.90 

first days of life 

0.73 

end of 1st week 

0 82 

Adults, postabsotptive (basal RQ) 

0 82 


The following formulae can be used for calculating the BMR 
(£•■ energy consumption mliiloealones per unit time, L'oi =• Oi 
consumpcKM in litres per unit time, Keoi =» COi production m 
litres pet unit time, tin •» urinary nitrogen excretion in grammes 
pec unit lime)* 


iJ-.4 82S I>o, 

(when only Os consumption is measured) 
r-394I l’'o, + U06 
i; -378 1^0, + 1.16 

(when Os consumption and CO. production are measured) 
3 941 f'o, I 106 i'ec, - 2 1? /f* 

E-J78 |■■'^., + U6 I'co, - 2 98 //« 

(when protein breaVdown is also determined) 


(I) 


(ib) 


(3a) 

(3b) 


ro>muU (,)■• ...amo . RQotO «2. .hi caloii, «l»u 0tLo,», 

’"'1 H*)"' 'I'"' »f R""" i". to.- 

ifiulae (2b)and (Jb)** 


7a/erifi( ra/*r, txjpx nxsxmptun axJ tartex JicxiJi pnjMthax ptrgr^'"* /«* xxj tarboh^raU hmt m lit Mp anJ ptr grammi af 

vingix tyertfiJ i» tii arixa^^ 


i 

Oaygen 

Carbon 


kci 

it/g 

1 1 

! 

consumed 

(ml/g) 

produced 1 

(inl/g) 1 

V.Q 

RuaHEB 

Lorwr 

Oaygen 

Oebon 

dioxide 

Ptoteui 1 

966 3 

1 773 9 ' 

oeoi 

410 

4.316 

4 485 


Urinary N 

5939 0 

' 4757.0 

080l 

2563 

26 54 

4 485 


Tat 

2019 3 

1427J 

OTVf 

9J 1 

9.461 

4 686 


Carbohydrate 

S2S 8 

1 828 8 

jort> i 


4182 

5 047 1 

5.047 


netsren««i 


' and C«»xt>». quott J by KinkitsiiI .An IV Y And Sii 

711 

* K.sirr .nd Ziuunu «w>.i. In ruscHr?jT« «cr» and LrMHtitTx (Edjh 

»ra 2.p«Hl:.Spnng«f.BerLn.l959,p*|tv2ZO,Tav** 

J R AJmn mtnt DiimrV .1, 151 (19M). Swift and FnHU. in Bi»T^ 
and MrllFv.T (Fdi.). SairUm, *ot I. Academic Pun. New Ywl. IW" 
race W1 

* Siaiai, S.. TU Rn A.m Dm .1. loj ()9S9) 

* W C .yw Cifw. 54, 555 (1923) 
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Standard DMR values 



kcil/mo/h 

kj/m‘/h* 

Age 

in 

year* 

Men 


Women 


Men 

1 Women 

Sta 

He 

Bioh 

ndard of 
ndhook of 
^ital Data^ 

Standard 

of 

pLCtSCH^ 

Standard of 
Handbook of 
Biological Daia^ 

Standarc 

of 

Fleisch^ 

Age 

in 

years 

Standard of 
Handbook of 
Biological Data^ 

Standarc 

of 

Fleisch- 

Standard of 
Handbook of 
Biological Data^ 

Stand 

of 

Fleisc 

Mean 

95Vo range 

Mean 

Mean 

95% range 

Mean 

Mean 

95% range 

Mean 

Mean 

95% range 

Mea 

1 



53.0 



53.0 

1 



222 



221 

2 

- 


52.4 

- 

- 

52.4 

2 

- 

- 

219 

_ 

- 

21S 

3 

60.1 

51.8-68.3 

51.3 

54.5 

47.0-62.0 

51.2 

3 

252 

217-286 

215 

228 

197-260 

214 

4 

57.9 

49.9-65.9 

50.3 

53.9 

46.5-61.3 

49.8 

4 

242 

209-276 

211 

226 

195-257 

208 

5 

56.3 

48.5-64.1 

49.3 

53.0 

45.7-60.3 

48.4 

5 

236 

203-268 

206 

222 

191-252 

203 

6 

54.0 

46.5-61.5 

48.3 

51.2 

44.1-58.3 

47.0 

6 

226 

195-257 

202 

214 

185-244 

197 

7 

52.3 

45.1-59.5 

47.3 

49.7 

42.8-56.6 

45.4 

7 

219 

189-249 

198 

208 

179-237 

190 

8 

50.8 

43.8-57.8 

46.3 

48.0 

41.4-54.6 

43.8 

8 

213 

183-242 

194 

201 

173-229 

183 

9 

49.5 

42.7-56.3 

45.2 

46.2 

39.8-52.6 

42.8 

9 

207 

179-236 

189 

193 

167-220 

179 

10 

47.7 

41.1-54.3 

44.0 

44.9 

38.7-51.1 

42.5 

10 

200 

172-227 

184 

188 

162-214 

178 

11 

46.5 

40.1-52.9 

43.0 

44.1 

38.0-50.2 

42.0 

11 

195 

168-221 

180 

185 

159-210 

176 

12 

45.3 

39.0-51.6 

42.5 

42.0 

36.2-47.8 

41.3 

12 

190 

163-216 

178 

176 

152-200 

173 

13 

44.5 

38.4-50.6 

42.3 

40.5 

34.9-46.1 

40.3 

13 

186 

161-212 

177 

170 

146-193 

169 

14 

43.8 

37.8-49.8 

42.1 

39.2 

33.8-44.6 

39.2 

14 

183 

158-208 

176 

164 

141-187 

164 

15 

43.7 

37.7-49.7 

41.8 

38.3 

33.0-43.6 

37.9 

15 

182 

158-208 

175 

160 

138-182 

159 

16 

42.9 

37.0-48.8 

41.4 

37.7 

32.5-42.9 

36.9 

16 

180 

155-204 

173 

158 

136-180 

154 

17 

41.9 

36.1-47.7 

40.8 

36.2 

31.2-41.2 

36.3 

17 

175 

151-200 

171 

152 

131-172 

152 

18 

40.5 

34.9-46.1 

40.0 

35.7 

30.8-40.6 

35.9 

18 

170 

146-193 

167 

149 

129-170 

150 

19 

40.1 

34.6-45.6 

39.2 

35.4 

30.5-40.3 

35.5 

19 

168 

145-191 

164 

148 

128-169 

149 

20 

39.8 

34.3-45.3 

38.6 

35.3 

30.4-40.2 

35.3 

20 

167 

144-190 

162 

148 

127-168 

148 

21 

39.4 

34.0-44.8 

- 

35.2 

30.3-40.1 

- 

21 

165 

142-188 

_ 

147 

127-168 


22 

39.2 

33.8-44.6 

- 

35.2 

30.3-40.1 

- 

22 

164 

141-187 

- 

147 

127-168 

- 

23 

39.0 

33.6-44.4 

- 

35.2 

30.3-40.1 


23 

163 

141-186 

- 

147 

127-168 

- 

24 

38.7 

33.4-44.0 

- 

35.1 

30.3-39.9 


24 

162 

140-184 

_ 

147 

127-167 

- 

25 

38.4 

33.1-43.7 

37.5 

35.1 

30.3-39.9 

35.2 

25 

161 

139-183 

157 

147 

127-167 

147 

26 

38.2 

32.9-43.5 

- 

35.0 

30.2-39.8 

- 

26 

160 

138-182 

_ 

146 

126-167 

- 

27 

38.0 

32.8-43.2 

- 

35.0 

30.2-39.8 

- 

27 

159 

137-181 

_ 

146 

126-167 

_ 

28 

37.8 

32.6-43.0 


35.0 

30.2-39.8 

- 

28 

158 

136-180 

_ 

146 

126-167 

- 

29 

37.7 

32.5-42.9 

- 

35.0 

30.2-39.8 


29 

158 

136-180 

_ 

146 

126-167 

- 

30 

37.6 

32.4-42.8 

36.8 

35.0 

30.2-39.8 

35.1 

30 

157 

136-179 

154 

146 

126-167 

147 

31 

37.4 

32.2-42.6 

- 

35.0 

30.2-39.8 

- 

31 

157 

135-178 

- 

146 

126-167 

- 

32 

37.2 

32.1-42.3 

- 

34.9 

30.1-39.7 

- 

32 

156 

134-177 

_ 

146 

126-166 

- 

33 

37.1 

32.0-42.2 

- 

34.9 

30.1-39.7 

- 

33 

155 

134-177 

_ 

146 

126-166 

- 

34 

37.0 

31.9-42.1 

- 

34.9 

30.1-39.7 

- 

34 

155 

134-176 


146 

126-166 

- 

35 

36.9 

31.8-42.0 

36.5 

34.8 

30.0-39.6 

35.0 

35 

154 

133-176 

153 

146 

126-166 

146 

36 

36.8 

31.7-41.9 

- 

34.7 

29.9-39.5 


36 

154 

133-175 

- 

145 

125-165 

- 

37 

36.7 

31.6-41.8 

- 

34.6 

29.8-39.4 


37 

154 

132-175 

- 

145 

125-165 

- 

38 

36.7 

31.6-41.8 

- • 

34.5 

29.7-39.3 


38 

154 

132-175 

- 

144 

124-164 

- 

39 

36.6 

31.5-41.7 

- 

34.4 

29.7-39.1 

- 

39 

153 

132-175 

- 

144 

124-164 

- 

40 

36.5 

31.5-41.5 

36.3 

34.3 

29.6-39.0 

34.9 

40 

153 

132-174 

152 

144 

124-163 

146 

45 

36.3 

31.3-41.3 

36.2 

33.9 

29.2-38.6 

34.5 

45 

152 

131-173 

152 

142 

122-162 

144 

50 

36.0 

31.0-40.0 

35.8 

33.4 

28.8-38.0 

33.9 

50 

151 

130-167 

150 

140 

121-159 

142 

55 

35.4 

30.5-40.3 

35.4 

32.9 

28.4-37.4 

33.3 

55 

148 

128-169 

148 

138 

119-157 

139 

60 

34.8 

30.0-39.6 

34.9 

32.4 

27.9-36.9 

32.7 

60 

146 

126-166 

146 

136 

117-154 

137 

65 

34.0 

29.3-38.7 

34.4 

31.8 

27.4-36.2 

32.2 

65 

142 

123-162 

144 

133 

115-152 

135 

70 

33.1 

28.5-37.7 

33.8 

31.3 

27.0-35.6 

31.7 

70 

139 

119-158 

141 

131 

113-149 

133 

75 

31.8 

27.4-36.2 

33.2 

31.1 

26.8-35.4 

31.3 

75 

133 

115-152 

139 

130 

112-148 

131 

and 






and 

over 







over 










* 



— 

•The 

4.185 

' Boc 
tion 

are 

values in kj have been calculated by using the relationship 1 kcaljs _ 

5 kJ (sec page 213). 

ITHBY and DoBois, in Albritton, E. C. {E(i.),StanilardValu^n N'utri- 
and Metabolism, Saunders, Philadelphia, 1954, page 241. The values 
based on 4016 measurements. The normal range has been calculated 

using a mean coefficient of \^riation of 6.9. The follovring data vcrc u^cd: 
Maiyo Foundation Standards of Boothby, Bcrkson and Dun'm; st-indard 
of Robertson and Rf4d; Carnegie Nutrition Laboratory Standards o. 
Harrison and Benedict. 

^ Fleisch, a.. Heh.r‘.td.Acta,^\^, 23 (1951). Values based on 24 reports in 
the literature. 




























Respiration 

(ror teCmnce* tee pige S44) 


pK^ilnVogv' 

Cat phast 

» Primary lywbolt (italic capitals) 

(A point over a symbol indicates a time derivative, abar a inean 
value) 

V Gas volume 

I*' Gas volume pet unit lime 

P Gas pressure (partial pressure) 

P Mean Ras pressure 

P Fractional concentration In dry gas phase 

/ Respiratory frequency (breaths per unit lime) 

D Dvlfusing capacity 

(b) Secondary symbols (small italic capitals) arid abbreviations 
(small upright capitals) 

I Inspired gas 

t tlipired gas 

^ Alveolar ga* 

c Dead-space gas 

r Tidal gas 


B Barometric pressure 

two Siandafd temperature and pressure, dry (gaj at 
760 mm Hg, dry) 

BTM Body temperature and pressure, saturated With 
vapour (gas at 37®C, barometric prejsut 

utated) 

ATM Ambient temperature and pressure, saturated (, 
ambient temperatute arid pressure, saturated with 
vapour) 

3, B/eaJ piait 

(a) Primary symbols (italic capitals) 

Blood volume 

Q Blood volume per unit t'me 
S Os or COi saturation of haemoglobin (as percent; 

Os or COt capacity) 

(b) Secondary symbols (italic small letters) 

a Arterial blood 

V Venous blood 

e Capillary blood 




The subdivisions on the righi 
ipply to all levels of respiratory 
ellort and do not overlap. The 
capacities on Che left include two 
or mote of the primary subdivi- 


All volumes to be corrected to BT1‘S ( 
also page 269)- Afeasucements are lisu; 
made on the recumberic patient) tat 
higher ralu« ate obtained if the patien 
sitting Of standing' 

I TiA// »/*■'* (f'^v) j 

^ The volume of air inspired and 

1 tspicedtteacbbreath 

1 

1 

1 

For normal values see Table 1, page 55( 

Ji'pirate'y fimt roltmi (IRV) 

The maximum volume of ur that 
can be BddiitonaUy inspired after a 
normal inspiration , 

1 


r^firalo'J rutrn tofumt (CR.V) 

1 

The maxtmum vs:^«ne of «s \Vat ^ 
can be iditiliona) expired iftet a 
normal eipiracmn 

j 

\ 

Tot normal values see Table 2, page 5Si 
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Respiration 

(For references sec page 546) 


Ucspitalory variable 


RtsUual voliimt (RV) 


Total lung capacity (TLC) 


Inspiratory capacity (IC) 


Functional residual capacity (FRC) 


Definition 


The volume of air remaining in the 
lungs after a maximum expiration 


The volume of air contained in the 
lungs after a maximum inspiration 





The maximum volume of air that 
can be forcibly inspired after a 
maximum expiration (inspiratory 
vital capacity) or that can be for- 
cibly expired after a maximum in- 
spiration (expiratory vital capacity) 


The maximum volume of air that 
can be inspired from the resting 
expiratory level 


The volume of air in the lungs at 
the resting expiratory level 


Remarks, normal values 


For normal values sec Tables 2, 3 and 5, 
pages 550-551 


For normal values sceTable 2, page 550, and 
Table 5, page 55 1 . For determination in chil- 
dren see Figure 1, page 547. The total lung 
capacity can be calculated from the normal 
vital capacity as follows^: 


15-34 years 0.8 
35-49 years 0.75 
> 50 years 0.65 


X vital capacity 




It is better to measure the inspiratory VC 
since this is reproducible even in diseased 
persons, whereas the expiratory VC may 
fluctuate as a result of the check- valve mech- 
anism. 

For normal values sceTable 2, page 550, and 
Tables 3-5, page 551. For measurement in I 
ambulant or bedded patients with healthy 
lungs see Figures 3 and 4, page 547. The I 
‘crying’ VC of the newborn is about 0.14 !■* j 


For normal values see Table 2, page 550 


For normal values sec Table 2, page 550. 
For determination in children sec Figure 2, 
page 547. The FRC of the newborn is about 
70 mH 


Ventilation 


Minute ventilation (Vt) 


The volume of air inspired or ex- 
pired in one minute 


Since the respiratory quotient in normal 
breathing at rest is less than 1, the inspira- 
tory minute ventilation differs from the ex- 
piratory minute ventilation. The amount 
of the minute volume is a function m.rinly 
of the energy consumption of the body, the 
dead-space ventilation and the respiratory' 
frequency, and is thus subject to large indi- 
vidual variations. For calculation of the 
normal value sec Rossier ct ah®. For normal 
measured values sec Table 1, page 550 


Alveolar ventilation {Va) 


The volume of air entering the 1 min"* 
alveoli per minute, or the amount 
of alveolar air expired per minute 


In a young man weighing 70 kg with an Or 
intake of 250 ml/min the alveolar ventila- 
tion must be at le.ast 4.3 1/min if artetialira- 
tion is to be complete®. The alveolar ven- 
tilation is calculated by means of Bohr s 
alveolar equation. The normal value is 
affected by postural changes and under 
resting conditions is 70-80%, under heavy 
loading about 85%, of the total ventilation; 
the remainder is the dcad-spacc ventilation, 
or functional dead space®-® 
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Ropiritory nriable 

Dciuuuoa 

Unit 

Remarls, normal values 

iratory limt qwlilil 

Ratio of the time of cxpmtiMi to 
the time of inspiratton 


For normal values see Table 1, page 550 

■mi limi 

The time required for nabilization 
of the gaa coneentration in the 
]ung~spiromete( lystcm 


circuit method. Mixing is normally com- 
plete after 2-3 min. For helium methods 
see Baiscoe^ 

IIS of ventilatory function 

xiKiimi pelsmlarj HHiiU/ion 

V V), maximum irta/Jimg lapatilj 

na 

The maximum minute venttiation 
attainable by vohiotary hypervcn* 

lmin-‘ 

Calculated from the value measured over 

toty volume X 37,of normal vital capacity 

X 30 For ttormal values tn adults see 
Figure 6, page 548. For values used ns the 
evaluation of permanent impairment see 
the literature'® 

rttJ *'<pirtlorj fthmi (FEV|) 

The volume of ait expired per unit 
time dufirtR forced expiration fol* 
tou ing full inapiraiioft 

1 

■ 

1 <ji iiuiiiiai siiues 111 me uN aiiij usA tee 
the literature'* " 

iriiamtforiij ixpifaltrj nUmt 

The forced expiratory volume ex> 
prcJted as percentage of the vital 
capacity 

100 rEV,;vc 

% 

For normal values see Table 5, page 551. 
and Figure 6, page 549 

ixpirtlary flaw rtta 
MnrR), ptakflowrat, 

Itjximum mipiralary flaw ratt 
MIFR) 

i The flow rate at * patiicular point 
r during faicedcxpiratvon 

It-* 

13. page 550 

' "nie flow rale at a particubt potnt 

1 during forced inspiration 

'u-T~~ 


miJ^xpirarory flaw 

fMMF) 

1 ^e flow fate during she middle 
half of a forced capiraiicai 

j 

li-i 

For normal values m adults see Figure 9, 
page 549 

Pulinonsfy circulation 

ln-raraiaw!a-prnmm 

1 The ratio of the blood pressure in 1 mmUo 
any pact of the blood vessel to the | 
atmospheric pressure 

For normal values see page 553 
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Respirttory vtnable 

Definition 

1 Unit 

Remarki, normal valuei 

ttpirahrj timl ^whent 

Ratio of (he lime of czpwation to 
the time of intpintion 


For normal values see Table J, page 550 

hying fimi 

The time required forstabilization 
of (he gi» concentration in the 
lung-$pirome(et tyatem 

1 

ieeBatscost 

Pett* of venilUtoty function 

ttlknlarj ttnUlaliM 

M V V), naxintu'ri inaiiing tapjiilj 
:WBC) 

The maximum minute ventilation 
atiainable hy voluntary hypetven- 
iiljtjon 

j Imiit'* 

1 i 

1 

Calculated from the value measured over 
10-20 t For determination from age and 
respiratory frequency see Figure 5, page 
548 Normal valueat a respiratory frequency 
of SO/min* *. one-second foreed expira- 
tory volume X 37, or normal vital capacity 

X 30 For normal values in adults see 
Figure page 548. For values used in the 
evaluation of permanent impairment see 
the literature'^ 

rvrtti typifaltry taltmi (FEV«) 

The volume of air eapited pet unit 
(ime during forced expiration fol* 
lowing full intpiniion 

1 1 

1 

i ! 
1 

1 vt iiuuiiai values lu me utu and USA see 
the literature’® '* 

Pirnn/agifireii lypiralery talnmi 

The forced expiratory volume ex- 
pretted at percentage of the vital 
eapaciry 

[ IOOFEV.(VC 

1 

•/. j 

For normal values see Table 5, psge 5S1, 
and Figure 8, page 549 

Mayimtm lypiralory flow rail 

Sfayintnm nspiralaij fiar ratt 
(MIFR) 

j The flow rate ai a particular point 
Juting forced expiration 

1 

la-» 

1 J, page 550 

j The flow tace at a patticubi point i 
j during forced intpiralioo I 

ls-« 


^faxmam mii-iypiralon Par 
OtMF) 

I The flow rate during the middle 

1 half of a forced expiration : 

1 

la-' i 

i 

1 

For normal values in adults see Fieure 9 
page 549 ® 

Pulmonary circulation 

1 The ratio of the blood pretture III j mitiHg 
any part ofthe blood TCHcl to the 1 
] ttmotpheric pretturc ) 

' For normal values see page S53 
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(For references see page 546) 


Respiratory variable 

Definition 

Unit 

Remarks, normal values 

Trammurai pressure 

The difference between the blood 
ptessute in the vessel and the ex- 
ternal pressure on the vessel 

mmHg 

The pressure acting externally on thi 
monary arteries and veins is equal t 
intrathoracic pressure 

Driving prtssure 

The pressure difference between 
the two ends of any section of a 
blood vessel 

mm Hg 


Vascular resistance 

Ratio of the driving pressure in the 
pulmonary circulation to the min- 
ute volume 

dyn s cm'® 


Minnie volume 

The volume of blood passing 
through the lungs in one minute 

1 min"' 

Obtained by using Pick’s principle, acc 
ing to which the minute volume is equ 
the ratio 

Os intake (ml/min) 
arteriovenous Or difference (ml/1) 

In testing adults the blood flow througl 
lungs is about 5 1/min 

Intrapultuonary blood volume 

The volume of blood contained 
between the origin of the pulmo- 
nary artery and the junction of the 
pulmonary veins with the left 
atrium 

1 

Normal value in adults about 900 ml. 
volume of blood contained in the pul 
nary capillaries in testing adults is 75- 
mH. For normal values in children 
Bucci'^ 

VeniHationlperfnuon ratio (VaIQ) 

Ratio of the alveolar ventilation to 
the blood flow in the capillaries 
(perfusion) 


In testing adults the alveolar ventilatio 
about 4 1/min and the blood flow ah 
5 1/min, so that the ventilation/petfus 
ratio is about 0.8 

Intrapultuonary shunt volume 

1 

Proportion of venous blood in the 
blood flowing through the aorta 

1 

1 

! 

i 

vol% 

Physiologically, the venous blood pres 
derives from the bronchial venous bl< 
flowing into the pulmonarj’ veins, ft 
intrapulmonaty arteriovenous shunts, i 
to a lesser extent from coronary ven 
blood entering via the veins of Thebes 
and via communications between the poi 
and pulmonary veins and the mediasti 
and pulmonary veins. Normal value 
young adults at rest 2 (0-4)%'^ 

Blood gases and diffusion 

The pressures given arc partial j 
pressures (the partial pressure of a 
component of a gas mixture is the 
pressure it would exert if it alone 
occupied the whole volume of the 
mixture). The pressure of an 
(ideal) gas mixture is equal to the 
sum of the partial pressures of its 
components j 

1 

1 

1 

Most types of gas analysis apparatus gi 
so-called dry percentages of the gases, a 
expressed as fractions F of the dry gas m 
turc. The pressure P of a component gas 
mm Hg) in the original mixture is given 

F (5 — 

where B = barometric pressure (mm H] 
/^H-o “ 47 mm Hg at 37 “C 

Alveolar Oi pressure {PAot) 

1 

mm Hg 

Adults®: 100 (95-105) mm Hg 

Alveolar COi pressure (/’-icoa) 

( 

mm Hg 

Adults^: 40 (38-42) mm Hg 

ViritTial Os saturation i^a^^ 


Vo 

Adults^: 97 (95-99)® o* See also page 57( 

Arterial Oa pressure 


mm Hg 

Adults ® : 80-100 mm Hg* See also page 5 

1 — — 
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Respintorf Tinible 

Definition 

Unit 

Remarks, normal values 

ntna! COi prttttrt (Pjcoj) 


tnm Hg 

Adults*' 40 (38-42) mmllg. See also pa^« 
570 

'riirial pH ra/ai 



Adults*. 7 4 (7.36-7.44) See also page 560 

Ufuntit.ijsatilj ^.D'l 

tViC me et -nihicK a 

from the alrcoti into the blood 

at » partitl-presiure dilTetcnce i 

oflmmllg 

1 

mm Hg"‘ 1 

Measujtdb^ustn^COot Oa The diffusing 
capacity IS affected by constitution, age 
lung volume, metabolic state and posture. 
For normal values in the lung itself [Du. 
tee Table 7, page 552. The value for CO |P 


1 

1 

1 

Dx. Dyi ty Ve 

where ^ is a velocity constant (dependeii' 
on Plot). the volume of blood in the 

capillaries 

Oijtrtnet iit* n» timlar afJ 
'fitrui! ptirtial prtttart aJO% 

Paox — P^ox 

mmHg 

' • ' 




tonstitutes the attetisl blood), (2) the ftojf 
unvfotmity of the verUiUtioivpetfutiofl 
process m the different parts of the lung 
(even m healthy person* ventilation is jn 
excess of perfusion or vice versa in sorti® 
alveoli), and (3) the fall in partial pressure 
due to perfusion (of little consequence in 
healthy persons under normal conditions) 
The difficulty of calculating the last faccot 
precisely is the reason for the wide Auetti* 
scions in published dua on the diffusing 
capacity of the lungs fot Oi 

Reipiratory mechanlci 

CampUi^, (C) 

Th® expansibility of the lungs 
andjot thorax espeessed »s the 

1 Tcilume change pet unit ptes- 
1 av>re change 

1 cm HaO-' 

1 

Normal values m yjaag »«* 

1 Compliance of the lungs (Cl) 
about 021 cmH, 0-1 

Complnnce of the thorax (Ct) 

1 about 0 21cm H,0-‘ 


I Compliance of the luncs thorax 

' (Ct.t) 

1 »boot0JlemH,O-> 
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Respiration 


j Respiratory variable 


None/ailic ( vinous) resistMcts 


definition 


Expressed as the pressure dif- cm HaO s |-' 

fcrcncc corresponding to unit 

ventilation 


Remarks, normal values 


Airway resistance 


Pulmonary tissue resistance 


Total pulmonary resistance 


Thoracic tissue resistance 


Total ( nonelastic) respiratory 
resistance 


Resistance to flow in the air- 
ways 


Erictional and dcformational 
resistance of the pulmonary 
tissue 

Airway resistance plus tissue 
resistance 


Dcformational resistance of 
the thoracic tissue 


Total pulmonary resistance 
plus thoracic tissue resistance 


Can be measured by means of the bod 
plethysmograph, usually with rapid supei 
ficial breathing (frequency 200/min). Fc 
normal values see Table 8, page 552. Fc 
values at normal respiratory frequenc)’ se 
Jaeger and Otis’"' 

Obtained as the difference between the pul 
monarytotal and airway resistances.Fornor 
mal values see Table 8, page 552 

Determined by measuring the intrathoracii 
or oesophageal pressure. In healthy young 
er subjects about 20% is tissue resistanct 
and about 80% airway resisrance. For nor- 
mal values in children see Figure 12, page 
549, in adults Table 8, page 552 

Obtained approximately as the difference 
between the total respiratory and total pul- 
monary resistances 

Can be measured approximately by means 
of a pneumotachograph. Exact v.alues can 
be obtained only by using a respirator 
(‘iron lung’) with complete relaxation of 
the muscles involved in respiration 


Conductance 


V^orh of breathing (A) 


Reciprocal of the nonelastic 
resistance 


The work requited to over- 
come the elastic and non- 
elastic resistances of the lungs 
and thorax and the airway re- 
sistance: 

A = force x distance 
== pressure X volume 


Volume-pressure diagram for a single breath ( respiratory hop) 


1 s"' cm HjO~ 


m kg or 1 atm 



0 

xfo 

Ocsopbagcal pressure 
(cm HiO) 


ti Area AIBC Total work done against the elastic and nonelastic resist- 
ances of the pulmonary tissue and the airway resistance 

Area AID Work done against the nonclastic resistance of the pul- 
monary tissue and the airway resistance during inspiration 

Area ABC Work done against the clastic resistance of the pulmonary 
tissue during inspiration 

Area BE A Work done against the nonelastic resistance of the pul- 
monary tissue and the airw-ay resistance during c.xpiration. 
Expiration docs not require active work but takes place 
passively through the clastic contraction of the lung c.x- 
panded during inspiration 



The total work of breathing can be precisely 
determined only by having the subject 
breathe passively in a respirator and me.isur- 
ing the pressures required for various min- 
ute ventilations. For a tidal volume of 500 
ml and respiratory frequency of 15/min this 
method gives a total work of breathing of 
0.315 kg mrnin"’ By ignoring the work 
required to overcome the thoracic tissue 
resistance, the work of breathing c.tn he ^ 
obtained from the respiratory loop (sec the j 
adjacent diagram). It is the sum of theptod- \ 
ucts of the forces (measurable as pressures | 
in the oesophagus) and corresponding tid.\l , 
volumes. The respiratory loop can be cal- j 
culated from the pncumotachogram and | 
pressure curve or registered by means ol o j 
cathode-ray oscillograph or other directly i 
recording instrument. For normal values ' 
of the components of the work of breathing - 
for a single breath see Table 10, p.ige 552 . 
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Total capacity 
(ml) 

Boys Girls 


Weight 

(Vg) 0 b> 


Ftg.} Detemuiueion of ariul Height VC(1) 

capacityinbealthyadulfs(ffoffl 

14. IS7 (I959J) ► 


Fig 4 Detctminaiioo o( vital I 
capacity in feewinbent healthy IM — 
adults (from Baldwin cl at . 
MeJiem (BeUimonJ, 27, 243 
II948D ^ 


Pig t. Determination of total lung capacity m chil* 
dten (from Lyons and TaNvaa,/ 4ppl. Phytu! , 17, 
601 (19621) 


nen Men 
-» -20 
' 2 $ - 2 $ 


Viial capacity (1) 
Women Men 


Fig I Detetminatioflof functional residual capacity 
m childtrn (ftom Lyons and TattNea,/ tpp! Pkji- 
w/. 17, 601 [1962]) ▼ 




■as -as 

• 9 >iL«q 


f 

1 - 2,5 


Age (years) 
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Respiration 


Women 


Height 
(cm) (in) 
150- 


160 -q 


60 
62 
64 

170-1- 
3768 

180 - 3 “™ 
3-72 


1V0~< 


200 - 


74 
76 
1-78 


Maximum expiratory flow rate (I min-i) Men 

— 1500 


Age (years) 



450 


400 


350 


Height 

(cm) (in) 

’50-r 
r— 60 

--62 
160-- 


170 


180 


190 


200— L 


64 
66 
68 
70 
:h-72 
74 
76 
78 


Maximum expiratory flow rate (1 min-' 

-3 70 


Age (years) 



65( 


600 


550 


Fig. 13. Determination of maximum expiratory flow rate in women and men using the Wright peak flow meter 
(from Leinrr et ah, Amer.Rev.rcsp.Dis., 88, 644 [1963]) 


500 


450 


Table 1 Respiratory frequency, tidal volume, minute ventilation and respiratory time quotient in children and adults* 



Respiratory frequency 
(min-l) 

Tidal volume 
(ml) 

Minute ventilation 
(I min"^) 

Respiratory 
time quotient 

U 

u 

C 

Mean 

95% range 
(extreme range 
in brackets) 

Mean 

95% range 
(extreme range 
in brackets) 

Mean 

95% range 
(extreme range 
in brackets) 

Mean 

95% range 

1 (extreme range 
in brackets) 

I 

Newborn, 4-6 days 

49.7 

(28.0-69.0) 

17.3 

(9.5-25.9) 

0.83 

(0.50-1.48) 

1.29 

(0.97-2.09) 

r 

Infants, 11 weeks 

62.8 

(40.0-87.0) 

17.5 

(11.0-28.1) 

1.03 

(0.75-1.37) 

1.27 

(1.09-1.58) 


Children, 2-3 years 

23.7 

(18.9-30.3) 

122 

(77-149) 

2.8 

(2.3-4.0) 

1.46 

(0.92-1.79) 


Children, 4-5 years 

23.2 

(11.3-30.2) 

138 

(147-275) 

4.0 

(3.1-4.7) 

1.43 

(1.27-1.55) 


Children, 6-7 years 

21.1 

(17.4-24.0) 

203 

(180-223) 

4.3 

(3.7-^.9) 

1.60 

(I.15-2.S2) 


Boys, 12 years 

16.3 

7.9-24.7 

305 

185-425 

4.8 

3.7-5.8 

- 

- 

2 

Girls, 12 years 

16.1 

9.8-22.4 

289 

189-389 

4.5 

3.1-6.0 

- 


2 

Boys, 14 years 

17.0 

12.8-21.2 

316 

196-436 

5.3 

3.8-6.8 



1 

Girls, 14 years 

15.6 

11.4-19.8 

315 

235-395 

4.9 

3.6-6.1 




Boys, 16 years 

15.6 

9.3-21.9 

344 

184-504 

5.1 

3.4-6.8 

- 

- 


Girls, 16 years 

15.2 

8.9-21.5 

282 

162-402 

4.2 

2.5-5.9 

- 

- 

2 

Adults, 20-39 years 

17.2 


- 

- 

8.5 

2.5-14.5 

1.35 

0.79-1.91 

3 

Adults, 40-59 years 

16.9 


- 

- 

9.5 

- 

1.33 

0.85-1.81 

= 

Adults, 60 years and over 

16.3 

- 

- 

- 

10.5 

- 

1.54 

0.98-2.10 

3 1 

1 

Men, resting 

11.7 

(10.1-13.1) 

630 

- 

7.4 

(5.8-10.3) 

_ 

- 

^ / 

1 

Men, light work (500 m kg min"') .... 

17.1 

(15.7-18.2) 


- 

28.6 

(27.3-30.9) 

- ! 


i 

Men, heavy work (800 m kg min-r) . . . 

21.2 

(18.6-23.3) 


- 

43 

(39-45) 

- ‘ 

- 

i 

Women, testing 

11.7 



- 

4.6 

- 

- . 

_ 1 

( 

Women, light work (300 m kg min-^). . 

19.0 

- 

iil 

- 

16.4 1 

“ 

i 

- i 



^ Blomer and Hahn, Z. 87, 466 (1963). ^ Fruhmann, 138, 1 (1964). 

2 Shock, N.W., in Dittmer and Grebe (Eds.), Handbook of Respiration, ^ Taylor, C, Amer, J. Physiol. 27 (1941). 

Saunders, Philadelphia, 1958, page 44. * At rest unless otherwise stated. 


Table 2 Lung volumes and capacities in resting adults 



50 young 
mcn^ 

(recumbent) 

50 young 
womcn^ 
(recumbent) 

11 men over 
SO years'^ 
(semi- 
rccumbcnt) 


50 young 
mcn^ 

(recumbent) 

50 young 
womcn^ 
(recumbent) 

1 1 men orcr : 
50 jvafs* ' 
(semi* 1 

recumbent) | 

Mean 

/ 

Mean 

/ 

Mean 

J 


Mean 

1_ 

Mean j / 

^(can j t i 

Age (years) 

Height (in and cm) | 

Weight (lb and kg) | 

Inspiratory capacity (1) 
Expiratory reserve 

volume (1) 

Vital capacity (1) 

22.9 

69.3 
176.2 
159.5 

72.3 
3.79 

0.98 

4.78 

3.3 

2.0 

3.1 

24.7 

11.2 

0.52 

0.26 

0.59 

23.1 
64.3 

163.4 

126.2 

37.2 
2.42 

0.73 

3.14 

3.4 
1.7 
4.2 

20.4 

9.4 
0.36 

0.19 

0.41 

61.5 

66.3 

169.0 

145.2 

63.9 

2.61 

1.01 

3.48 

6.8 

1.9 

4.S 

27.4 

12.4 
0.61 

0.38 

0.48 

Residual volume (1) . 
Functional residual 

capacity (1) 

Total capacity (1) . . . 
Relative residual 
capacity (% of total 
capacity) 

1.19 

2.18 

5.97 

19.3 

0.35 

O.SO 

0.81 

4.4 

1.10 I 0.30 

1 

1.82 j 0.39 

4.24 1 0.57 

i 

} 

25.9 1 5.0 j 

2.43 1 0.50 j' 

3.44] 0.74 
5.92 j 0.5"! 

40.9 ! 7.1 i 

' From Kaltretdcr ct al., Ar:er. Rer.Tubtn., 37, 662 (1938). 

^ From Greipenstein ct (1952). 





Respiration 


551 


'ablt 3 Residual volume and vital capacity as functions of age* 


Age 

(years) 

Number 

Wtal capanly 
(ml) 

Residual volume 
(ml) 

Reiidual volume 
as pertcatage 
of total lung 

(*'4) 

•Age 

(years) 

Number 

Vital capacity 

(ml) 

Residual volume 
(ml) 

Residual volume 

of total lung 

(4^ 

Mean 

■ 

Mean 


Mean 

* 

Mean 

> 


* 

Mean 

* 

Men 








Vomen 








9-13 

16 

2690 

520 

540 

180 

17J 

43 

14-19 

2-3 

3330 

(300) 

820 

(220) 

19.5 

(5 0) 

14-19 

9-10 

4030 

540 

830 

340 

17^ 

43 

20-29 

9-11 

3600 

390 

1290 

340 

25 7 

6.2 

20-29 

20-26 

5440 

720 

1410 

310 

206 

40 

30-39 

3 

3460 

(380) 

1310 

(280) 

28 0 

(5 0) 

30-39 

15-19 

5030 

700 

1510 

360 

22.2 

40 

40-49 

3-4 

3680 

(710) 

1390 

(490) 

30 0 

(8.7) 

40-49 

14-17 

4530 

500 

1690 

410 

268 

5,2 

50-59 

4 

3250 

(370) 

1300 

(360) 

238 

(4 6) 

50-59 

18 

4650 

970 

1740 

380 

278 

4.4 


2-3 

3140 

(400) 

1200 

(280) 

29 5 

(4 6) 

60-75 


3860 


1760 

































’ From ZeKieDea, 

H , H,b 

a«»/-4fi!«.27.2tS{1960) 




Ttbh 4 Vital capacity in children as a function of age and sex' 


Age 

(yean) 

U 

tic 

ght 

V 

iial eapaeny (ml)* 



(ut) 

(...) 

Mean 

* 

Catreme range 

Boyi 







Cit 

4 

6 

40 7 

103 4 

855 

- 

540- 970 

4 

5 . .. , 

20 

42 0 

106 S 

1001 

. 

650-1240 

5 

6 

62 

44 2 

1t22 

1246 

197 

860-1730 

6 

7 

112 

46 0 

U6.9 

1393 

210 

970-2380 

7 

8 

98 

47 9 

121 S 

158$ 

233 

1130-2270 

8 

9 

no 

51 1 

129 9 

1652 

266 

1300-2480 

9 

10 

87 

52 5 

133.4 

2022 

283 

1510-2860 

10 

11 . 

113 

54 2 

1373 

2150 

292 

1400-3020 

11 

12 

114 

56] 

142.4 

2357 

36? 

1400-3560 

12 

13 

132 

58 4 

143 7 

265$ 

464 

1840-4300 

13 

1« 

177 

609 

134 3 

2929 

523 

1510-4640 

14 

15 

155 

62 9 

139 9 

3397 

595 

2000-4750 

1$ 

16 

67 

65 8 

I67J 

3699 

619 

2270-4640 

16 

17 


67 4 

1714 

4078 


2590-4860 

17 


1172 

1326 

1513 

1634 

1$06 

1043 

2217 

253? 

2816 

2918 

3000 

3178 


Vitil eipaciiy (ml)* 

1 r I Extreme range 


176 

196 

215 

247 

293 

260 

370 

442 

390 

446 


380- 920 
6SO-1300 
760.1730 
970-1940 
860-2100 
1080-2430 
970-2590 
1350-2750 
1510-3130 
1670-3890 
2050-4100 
2050-4000 
2210-3780 
2430-3670 


rtoin ind SHsm. Ami> J Du ChU . IS. «3. 4!l (1922) 

' Ongin«lT»IiKiinet«n*clby I'i <i inif>preamj(e «inf<niooioUTPS(<r EltaN>TeiM«itt .] AlUr^.'W, 5M [19S?J) 


Ttbti S Rinos of vital capacity (VQ, t eii dual volume (RV), total 
lung capacity (TLC) and forced expiratory volume 
(PL Vi «) to the cube of the height, and other ratios 
(volumes in litres, heights in metres)' 



VC 

RV ' 

TLC 

ioorv 

rev,. 

rEV,,| 

(yean) 

Il> 

1 H» 

1 11* 1 

TLC 

11* 

VC ■ 

18-19 

' 0 990 

0 240 

1 230 

195 

0812 

82 0 < 

20-W 

1 025 

0 275 

1 300 

21 0 

0 818 

800 

10-34 

1020 

0300 

1 300 

22 5 ' 

0795 

78 0 I 

35-39 

, 1 010 

1 0 310 

1 320 

235 

0 778 

770 1 

40-44 

1 000 

0 320 

1 320 

24 3 

0757 

75 5 ' 

45-49 

0900 

, 0 330 

1320 

25 0 

0 737 

74 5 1 

50-54 

0 970 

1 0J40 

1 320 

26 5 

0713 

73 5 

55-59 , 

0 950 

0 370 

1 320 1 

28 0 

0 684 1 

720 

60-64 

^ 0 930 

0 390 

1 320 

295 

0651 1 

700 

2I'x 100* 

' 17*. 

' 31". 

22*'. 

1 It*/. 

Wi 

I3?i 


' 3153 

' 1093 

1098 

[ ‘ 

, 1098 

2536 j 

2536 1 


* ^ — Cornievnt cf vinance (lee pagv 159). 


' FmmCa»«»od MtuxiM. in Di'ioti-' « •! CEdi.). Z.W^ar«v 
7—'—'. nimmanno. Pirn. 19«. pi«< 112 


Tabb 6 expiratory flow rate (MEFR) m children and 


Age (yean) 

N.„b. 


IvtEFR 0 t-l) 

Refer. 

Mean 

, 

Children 3-5 

30 

Pneumotacho- 

graph 

1,8 

04 

r 

Men 9-13 

14-19 
20-29 
32-39 
40-49 
50-59 
60-75 

Women 14-19 
20-29 
30-39 
40-49 
50-59 
60-64 

16 

10 

20 

16 

16 

17 

11 

3 

‘5 

4 

4 

3 

HtDORN 

pneumatometer 

so" 

71 

80 

79 

76 

7.3 

68 

55 

58 

60 

51 

46 

50 

08 

1.3 

09 
1.1 

10 
12 

1 2 

(0 9) 
07 
(0 8) 
(0 6) 
(0 5) 
(0 2> 


Adults 40 


‘Minimus' 

pneumatometer 

6 85 

1 89 

' Riwiuaad Sniot 





~ — ' 


mrj A- 

. *7.2t5(l9Ml 





^»*«ar.g7,2361 (1962) 
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TMe 7 DiffusinR capncity of the lungs (ZJl) in testing subjects 


Method 

Number 

Age 

(years) 

Dt, (ml min't mm Hg't) 

Refer- 

cncc 

Remarks 

Mean 

95^ range 
(extreme range 
in brackets) 

CO metlwds ‘Steady state’ method 

5 

23-45 

17 

(10.5-28.0) 

r 


Calculation of mean alveolar CO 








pressure 

‘Steady state’ method 

18 

18-41 

17.6 

(10.5-28.7) 

2 


Measurement of CO pressure 


7 

26-36 

20.6 

9.6-31.6 

3 


in expired alveolar air 

Single-breath method 

28 

8-72 

24.9 

(11.0-37.5) 

4 




20 

4-13 

17.4* 

4.8-30.0 

B 


■ Breath-holding for 10 s 

Continuous breathing 

3 

24-46 

35.6 

(28.4-41.6) 




method 

15 

24-60 

25 

(19-31) 

■ 

Using t^CO 

Oo mtthods ‘Steady state’ method 


28-36 

21 

(12-36) 

B 




22-28 

47 

- 



Single-breath method 


24-46 

33 

(23-45) 

B 

Using 1 

i 


* Dependent on body surface area: 


Surface area 
(m*) 

Di. 

Surface area 
(m2) 

Du 

0,8 

12,8 

1.4 

25.4 

1.0 

17.0 

1.6 

29.6 

1.2 

21.2 

1.8 

33.8 


^ Filley ct al.,/.f//«.7ntY//., 33, 530 (1954). 

^ Bates ct 7\.J.PhysioL, 129, 237 (1955). 

^ Macklem and Beciclake, Amcr.Rtv.rttp.Dis.y 87, 47 (1963). 

OciLviEetal.,/.f//ff.//:w/,, 36,1 (1957). 

^ GiAMMONAand Daly, Amtr^J .Dis.Ckild.^ 110, 144 (1965). 

^ HYDEctaI.,/.f//>./nw/.,45, 1178 (1966). 

^ Kruhopfer, P., Ada physhLscand., 32, 106 (1954). 

^ Liliekthal ct al., Ajrter . /. Physiol.y 147, 199 (1946). 

^ Haad ct al.. Pith. physiol. pharmasol. AciOy 23, C23 (1965). 


Tahk 8 Respiratory resistances in children and adults 


Table 9 Complianceofthelungs (CL)inrestingadultsandchndrcn 





Resistance 



Number 

Age 

(years) 

(cmHaOsl-i) 

Refer- 

ence 



Mean 




Airway 

resistance 

5 

4-6 

1.93 

0.5 

1 


5 


1.49 

0.2 

1 


5 


2.26 

0.73 

2 


21 

22-57 

1.50 

0.49 

3 


12 men 

24-46 

0.96 

0.27 

2,4 


7 women 

18-30 

1.46 

0.47 

2.4 

Pulmonary tissue 
resistance 

5 

10 

1.31 

0.37 

2 


12 men 

24-46 

0.29 

0.12 

2.4 


7 women 

18-30 

0.50 

0.15 

2.4 

Total pulmonary 
resistance 

5 

10 

3.57 

0.98 

2 


12 men 

24-46 

1.25 

0.28 

2. 4 


7 women 

18-30 

1.96 

0.45 

2.4 


11 

18-47 

1.9 

0.6 

5 


21 

50-89 

2.8 

0.8 

S 


7 

26-36 

1.7 

1.1 

€ 


36 

- 

2.59 

0.68 

7 

Thoracic tissue 
resistance 

36 

- 

1.37 

0.63 

7 

Total respiratory 
resistance 

36 

- 

3.96 

0.65 

7 

t GtAMMONAand Daly, 

a BACHOFENand 133 (1967). 


! 3 ntiRmsetal.. 




Bachofen, H.. ’jgj /, 95 V) 

s Frank b,V.. 87, 47 (1963). 



Number 

Age 

(rL(mlcmH20-J) 

Refer- 

Remarks 

(years) 

Mean 

S 

cncc 

11 

18-47 

150 

27 



21 

50-89 

131 

38 



12 

39 

213 

60 

2 

Respiratory 

ftequenq’ 

20/min 

7 

26-36 

189 

34 

3 


12 men 

24-46 

260 

60 

4 


7 women 

18-30 

160 

50 

4.5 


5 

10 

83 

10.2 

S 

.1 

' Frank 36, 1680 (1957). 

2 Hamm ct al., Z.klinMed., 157, 133 (1962). 


: 

^ Mackle-m and Becklake, Amer.Rtv.resp.Dis.^ 87, 47 (1963). > 

^ BACHOFEN,H.,7/r/p.«frf.y^r/4j,33, 108(1966). 

; 

® Bachofen and ScHERRER,/.f//e. Inxtst.^ 46, 133 (1967). , 


Table 10 Work of breathing per breath per millilitre tidal 
in adults^ 



j gOT 

ml"* 


Mean 

A 

Total inspiratory work 

i 

1 2.40 

1 

0.50 : 

El.istic inspiratory work 

1 1.80 

0.3^ 

Nonclastic inspiratory plus nonclastic 
expiratory work 

1 1.40 

0.30 . 

* Hamvi and Scholmf.ricii, A7m.n*VMr., 42, 1103 (1964). 
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■lood pressure In various vessels (tnmHg)' 



Systol 

i« pj«»ur« 

DtauoiK pressute | 

Mean pressure | 

Method 

Mciit 

Ringc 

hfean 

RsDge 1 

Mean 

Range j 






35 

2 S-6.0 

Right heart catheterization 


_ 


_ 


6« 

^9 

Left heart catheterization 

Right ventricle 

25 

1 lY.0-31.5 

0 

-OJto +7.0 

- 

- 

Right heart cathetetization 

LtftvenwKU 1 

\2a 1 

\Q5-\5a 1 

Q 

-QStft+TjOl 

- . 

- 1 

Left heart catheterization 

Pulmonary artery... 

20 

11-29 

9 

4-13 

- 

8-19 

Right heart catheterization 

Pulmonary arterioles 

IS 

- 

5 

- 

- 1 

S-I3 

Right heart catheterization 

Pulmonary veins. .. 

4 

- 

8 

- 

S 

3-8 

Left or right heart catheterization 

Vena eavi 

“ 

- 

- 

" 

-1 1 

1 

—5 to +4 

Right heart catheterization 


\tterlal blood pressure 

Vinous methods of meisuring blood pressute have been pro- 
posed^-*,and speeuliethniqueshave been developed for children^ 


as wen is oytne wonatiesitnutsanization'.conipatison 
with mtn-irtensl rnessurements has shovrt chat >n persons of 
Bortml weight the suseultitory method gives readings vattously 


tft fuU-tertn infiius'*. In children the acterial blood pressure in- 
creases gradually with age. Between 12 and 14 years, howevef. the 
diastolic pressure tends to fall’* i e , in the period when se* 
differences become well marked In young persons the arterial 
blo^ pressure appears to depend mainly on the degree of maturi- 
and abnormally high values in the absence of organic 
disease point to vasomotor instability The extent to which the 


seems to have little effect on the arterial blood pressure, but during 
very heavy wotlt the systolic pressure often rises to over 180 
mmHga*. whereas the diastolic pressure increases only slightly. 
The attecial bleed pressute often rises during emotional stress**. 
In early pregnancy it tends f o be low but rises towards term**. 
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Blood Pressure - Blood Volume 


Venous blood pressure 

The venous blood pressure rises with increasing distance from 
the heart, so that the highest pressure is in the peripheral vessels. It 
varies according to the position of the vein in relation to the right 
atrium, a result ofthc varying effect of gravity. The venous pressure 
is usually measured in the median basilic vein of the right arm at 
the level of the tricuspid valve. In the newborn the venous pressure 
depends on the time of tying ofthc umbilical cord^^. 


Vertous blood pressure (median basilic vein at elbow) 



Mean 

Range 

Children, 3-5 years 

3.4 

2.2- 4.6 

5-10 years 

4.3 

2.4- 5.4 

Adults, men 

7.4 

3.7-10.3 

women 

6.9 

4.4- 9.4 

Dorsal metacarpal veins 

9.6 

5.2-12.5 

Femoral vein 

8.2 

7.2- 9.4 

Abdominal veins 

8.5 

5.2-11.8 

Long saphenous vein 

11.0 

8.1-14.0 

Dorsal digital veins of foot 

12.9 

9.1-15.4 


Capillary blood pressure (mm Hg) (at base of finger nail, hand at 
level of heart) 



Mean 

Range 

Direct measurement” 



arterial limb 

32 

21-48 

venous limb 

12 

6-18 

Indirect (bloodlcss)mcasutemcnt'” 
arterioles 

47 


capillaries 

27 
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Blood volume 

In men the normal blood volume amounts to 6-8%, in women 
5.5-7 %, ofthc body weight (see page 528), depending on the bodily 
constitution. Of the total quantity, 65-75% is in the venous system, 
15-20% in the arteries and 5-7.5% inthec-apillary bed'. Blood vol- 
umes given by different authorities should not be compared with- 
out careful prior scrutiny of the methods of measurement used. The 
table on page 555 contains selected blood volume values for chil- 
dren and adults. The literature’ -a should be consulted for more 
comprehensive reviews. 

The most accurate method of determining the blood volume 
(BV) is by separate measurement of the plasma volume (PV) and 
erythrocyte volume (EV); 

BV = PV-}-EV (U 

A less accurate method is by calculation from the plasma volume 
and body hacmatocrit (Ht); 

PV 


BV = 100X7^^5^37 


( 2 ) 


or from the erythrocyte volume and body hacmatocrit: 

EV (3) 

BV ~ too X 

The body hacmatocrit is defined as 


Ht = 100 X 


EV 

PV -b EV 


(4) 


and is calculated from the venous hacmatocrit (Htv); 

Ht = Htv X 0.97 X 0.91 = Htv X 0.88 

The factor of 0.97 allows for the trapped plasma remaining in 
erythrocyte column after centrifuging (micro-hacmatocrit tee •- 
nique*), the factor of 0.91 for the lower erythrocyte content in t .e 
blood as a whole than in venous blood. , 

Various methods arc available for determining plasma .and ertt 
rocyte volume-’ ®. The following indicators arc used for 
volume: Evans blue (T-1824), Coomassie blue®, dextran, 

®*Fc citrate, '”I-human serum albumin, '-sl-human scrum a 
min’, alkaline phosphatase® ; indicators for epthtDCjnc volume at 
carbon monoxide and crjthrocytcs tagged with ’-P, or ® n 


Physiological variations 

During the first years of life there ate considerable dilTercncrt 
between the blood volumes of individual children®. Hivergene - 
in published values for the blood volume of new^tn „(• 

and children”"''' ate ptob.tbly due to differences in the 
measurement. In the newborn the time of tying of the um m 
cord has an effect on the blood volume”. j'Indv 

the blood volume in children in relation to height, weight an • 

surface area have been derived”. Up to puberty the blood ' o l 




id that the telsciomhip to body weight in aduua >a vtay euiuui iv 
thatinchiUten'*. 

In adults the blood volume is very closely ictated to the body 


• MaariN, . Amtr.J.mtJ iis .lit {iy»0, Ma*iiN iiiu i 
Amtr J W J« ,2tS. 556 (t963) 

j BtTTOW *t sl . Tfvutuon rW'W;, 5, !« (1965). New App!iaoe< 
•W/.1.U74 (19651, 

• PosSMetil.. / Ui <U> MtJ.a, 530 (1965) 

• Sii«M et >1 . .55, 163 (1959). 


volume, since compared to whites negroes *•< haveiower.eaauiRrt— 
higher, blood and plasma volumes 
The blood volume is fairly constant, and iniakeof (hiid by either 
the oral or intravenous route is follow ed by its very rapid nortnaV’ 
icatlon*'. Bed-restcauses a diminution In theblood volume, mainly 


The volume has teturnedtonormalat 3-4 months postpartum** »•. 
Rirerencea 

' Aut*r, 5.N, d-W rViW, TlioTOt, SffiflttSeld. 1963 
a 8 |<iit»ano,T. W wW Art,)], 202 (l9S3),'xiNT«oae,M M,Cll»w«///*- 
6th «d , Let & rehiger,Thiiadelpfa‘i,3967. page 3*5 


Blood, «rythroeyteendpla«/na volumes (per kilogramme body weight or square metre body surface area) 
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Blood Volume 


Nomogram for obtaining bloodi plasma and crytlirocytc volumes from the age and body weight of adults [Dagher ct al., AJm 
1.69 (1965)1 
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Mean 

9554 range 
(extierne range 
in brackets) 

' 

Re(er-| 

Remarks 

xclfie ^vlty (25 *0/4 ‘Q 






)Vi;^ole blood, men 

i) 'X’hole blood, women . . 

10595 

1.0553-1 0637 
(1 0523- 
1 0604) 

)CI021 

■ 


:) PUima, men . . ....... 

1 0269 

1 0251-1 0287 

30009 


lower in Che afternoon end tfiet metis, rather higher at night and after physical 
cffotc ThepUama apcciRcgrarity ii pathologically J»rr>a/i^ in cholera, dyaen* 

Setum 





Kty, feters bums and plaantacytoma, AimnJ la hydropic renal disease, the 
tpeafic gramy of whole blood is pathologically Jtmand in anaemia 

1) Erythrocytes, men 

1.0964 

1.0928-1.1000 

00018 

» 

Lcucocyfcj 

- 

1 (3 07-1 08) 

- 

» 


Thrombocytes 

1 03 

~ 

- 

■* 


'rceilng-polnt depression 

CO 






») Serum | 

0.540 . 

0 512-0 568 1 

0.014 


Meaaored on (a) 75. (b) SO subjecta Valuei ns whole blood and aerum areal- 

b) Serum 

0 337 

- 

- 

* 

mote Identical Theerythrocyieairein osmoticeqmlibnum with the aerum*. 

)aiTiaUllty (moam/kg!!iO) 



I 4 



■erum 

2B9 

281-297 


* 


)smotle pressure (at 0 *Q 






ierusA (um) 

6, SI 

- 

- 


1 Calculated from ibt taluet (a) lor the frcering-peint depniMon (uung iht 

>erunt(mmng) 

4950 

“ 

* 


1 table «n page 272) Tbeosmoiiepreitute iimaioly accounted for by the eryi- 
1 latloid contponentt. the eoUoidi eonttibute only about 0 S5't of lbs total ea- 
Aoiscpreasurc 




558 


Blood - Physicochemical Data 

(For references see page 561) 



1 

Mean 

95% range 
(extreme range 
in brackets) 

■ 

Refet- 

cnce 

Remarks 

Colloid-osmotic (oncotic) 
pressure (at 0 °Q 






Scrum (mm Mg) 

Viscosity 

Relative viscosity (in vitro at 

24.3 

(20.6-35.3) 


17 

The colloid-osmotic pressure (COP) can be calculated approximately fro 
the albumin and globulin contents by using the formula of Kets^-^ (see paj 
526). Exact calculation requires measurement of the COP of the individu 
scrum protein fractions^'^. The major part of the COP is accounted for \ 
albumin; fibrinogen has no measurable effect on the COP of the plasma^®,* 
that the COP of the plasma can be equated with that of the scrum. 

18 °C) 

1 




(a) Wliole blood 

4.75 

(3.80-5.70) 

- 

16 

Measured on (a, b) 21, (c) 25 fasting subjects with the Hess viscosimeter; (( 

(b) Plasma 

2.01 

1.67-2.35 

0.17 

1C 

in vivo by means of capillaries on subjects with a hacmatocrit of 40-45%; (< 
with the Zeitpuchs capillary viscosimeter. Since blood is a non-NcwtonU 

(c) Scrum 

Dynamic viscosity (centi- 
pois.c.) (invWo) 

1.88 

1.58-2.18 

0.15 

16 

i 

fluid, viscosity values measured by different methods arc not comparable. Th 
dependence of the dynamic viscosity on the shear rate between 10 and 200 s' 
has been studied by means of a cone-plate viscosimeter^^; for any give 
hacmatocrit value the viscosity falls with increasing shear rate. The in viv 
viscosity values (d) correspond to a shear rate of ca. 1700 s”^. The rheologic 
properties of blood have also been studied in vivo^®. For determination c 

(d) Whole blood 

Kinematic viscosity (centi- 
stoke) (in vitro at 37.5 °C) 


(2.30-2.75) 


17 

\ 

viscosity by the falling-ball viscosimeter see Krosch and HEIDELMA^'N^^ 
The viscosity of whole blood depends mainly on the cell content, Lc., i 
healthy subjects on the erythrocyte content (see the diagram on page 557] 
that of plasma on the protein content. The relative viscosity of whole blood j 

(e) Scrum 

Erythrocyte sedimentation 

1.15 

(1.08-1.22) 


16 

about 0.5 higher in men than in women^-^' ‘5®, while in children it is rather love 
than in adults’^®. The relative viscosity of venous blood is higher than thato 
arterial blood^®. The viscosity of w’hole blood is pathologically ir.crtojti ii 
polycythaemta vera^^, sickle-cell anacmia^^ and leukaemia^^, that of ih« 
scrum is mertased in hyperglobulinacmia^^''^^^ the presence of a high titr 
of the rheumatoid factor^ and particularly in macroglobulinaemia^^' 

rate (sedimentation rate, 





ESR) 

' • • 

. . , 

. . . 

* • • 

Values depend on the method of measurement (see the table below and ten 
opposite). 

Leucocyte sedimentation 






index (LSI) (mm/h) 

1 

13.58 

3.72-23.4 

4.93 

76 

Calculated from the formula Va(tf-f^/2), where a « mm sedimentation ifl 
1 hour, h = mm sedimentation in 2 hours; values from 300 adults. In the 
method used, a sample of leucocyte-rich plasma is layered on top of cell-free 
plasma. The LSI is dependent on the properties of the leucoq’tes but not on 
those of the plasma; immature leucoc>’tc forms appear to settle out faster. 
The LSI is increased in acute forms of leukaemia, acute Hodgkin’s disease, 
tuberculosis and other bacterial infections, and in carcinoma tvith liver metas- 
tases. 


, ■ - j ;»■ sedimentation rate 


-5 


Westergren methods 

Linze.vmeier*5 

method^-^ 

Original^^ 

‘Wide tube’ 
modification^^ 

Wintrobe’s 

modification-^^ 

Sedimentalion tsibe 

Blood column 

Diameter 

Anlicoagiilant 

Quantity (mg/100 mi 

mixture) 

Resulting dilution of 
blood 

200 mm 

2.5 mm 

Sodium citrate 

3.8% solution 

760 

20% 

100 mm 

5 mm 

Sodium citrate 
3.8% solution 

760 

20% 

100 mm 

2.5 mm 

2 parts potassium 
oxalate -f- 3 parts am- 
monium oxalate dry 

200 

0 

50 mm 1 

5 mm i 

Sodium citrate 

5% solution 

1000 

20% ! 

Normal calms (mornings, fasting) 


1 hour 
(mm) 

2 hours 
(mm) 

Sc( 

24 hours 
(mm) 

limentation a 

1 hour 
(mm) 

ftcr 

2 hours 
(mm) 

1 hour 
(mm) 

Time for a seditaen- j 

ration of 18 ! 

: 

Range 

Range 

Range 

Range 

Range 

Mc.in 

Range 

Mean?® j RsnP='" ! 

Newborn, 1st day 

Newborn, 4th day 

Newborn, 12th-21st day 
Males, 12-20 years 

Up to 2” 

3-5 

3-8 

Up to 15 
Up to 20 

90 

100-110 

2- 5 

3- 8 

5- 14 

6- 18 

4.77-' 

3.7 

9.6 

Up to2^J 

Up to 20 
Up to 6.5 
Up to 15 

106 ! 3M85j 

AC 6-1*-^ j 

11 1 2-40 : 

- j 314-5 : 
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hrocyie leditncntation rale (ESR) 

le wechanum of eryihrocyte sedimentation** HOfily partly 
Tstood Three phases can be distinguished In the first phase 


he rate of sedimentation depends on the extent to which the 
. igRlometite. The cause of the adherence of the cells is rcTee- 
: adsorption of certain plasma proteins by so-called sedimenta- 
teceptors on the cell surface, These r cceptors piohahly consist 
I cerebtoside*', uhile the plasma proteins involved can be 
ded into so-called igglomerms** and a supplement**. Except 
■n they ate present at very high concentrations, theagglomcrins 


,ma are present when the sedimentation rate is increased 



is lysophosphaiide sttathts Mstlf to the serum albumin to form 
ilbumm-lipij complex that inhibits sedimentation of the ctyth- 

rhe biological significance of sn metease in the sedimentation 
■ IS still obscure Since a number of substances that inhibit in- 
nmai’cm ilso inhibit sn increase in the sedimentation race m 


Other factors afieeting the sedimentation rate are 
sixe, shape (sickle-eell erythrocytes have a louer sedimentation 
rate than normal erythtotyics), haemoglobin content and num- 
ber of the erythrocytes. 

length of the column of blood (a short column shous a slower 


tau) 

rariiUoni The sedimentation rate is more constant 
men than in women, this is not due to the menstrual cycle, 
anges during which ace small and of no clinical significance** In 
egnancy. the rate begins to increase at the 3rd to <tb month and 
>ei no' return to normal until the 3fd or 4th week post par- 
m*’ In ihenewbom thesedimemaiion ratets greailyredueed 
re the uhle on page 558), in older adults rather high*’ 

Pafiol-'f'-a/ tariatwiu The sedimentation rate is reduced iji poly- 
ihaernu.congesiiveheanfailute.diseaKsofihelivetpifenfhyma, 


GaJuigpnjieiJt/et itt pradiu^* 



picture, 20-30 hours usually elapse before a change in the sed 
meaution rate Is observed. 

2 Doily fluctuations in the sedimentation race are insigmfican 
usually It Is sufficient to measure the 1- and 2-hour values 1 
any patticubc blood sample the measured values vary froi 
method Co method. Values show marked differences in any or 
indiridual. so that a knowledge of his minimal values when i 
good health is important. 

3 A marked increase in the sedimentation race is an objectiv 


essential, 

4 An exceptionally large and rapid increase in the sedimentatio 
rate reaching a maximum in lS-20 minutes points strongly t 
a plasmacytoma or macroglobulinaemia. 

S. A marked and persistent increase in the sedimentation rate tha 
cannot be otherwise accounted fot should tiite suspicion of 
carcinoma In these circumstances the patient should continu 
to be examined at intervals until the cause of the increase i 

6 A normal sedimentation rate never excludes the possibility c 
disease, even a severe progressive one such as tuberculosis o 


observed in vagotonia 

7 In care eases a marked ineruse in the sedimentition rale i 
accompanied by a completely normal plasma protein pattern 
fot instance in decompensated pernicious anaemia. There is ni 
eotfclation, however, berween the sedimentation rate and thi 
fibrinogen, globulin or total protein eoncene of the blood 



9 The sedimentatjon rate ii often less affected by (he disease itsel 
than by the secondary compheations, such as pneumonia 
thiombophlebitis, infarction ofthe lung, mtercurrent infections 
etc Anticosgulam therapy often delays normalitation of ihi 
Sedimentation rate for a Considerable time While drugs u 
general have no direct effect on the sedimentation rate the; 
may have a secondary effect due to damage to the liver paren 

to Measgrementofthe sedimentation rate provides an opportunip 
of examining the plasma fot colour and clarity (golden-yellou 
mhaemolysis, unusually clear in iron deficiency, sttaw-coloute< 
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Blood - Physicochemical Data 



Mean 

95% range 
(extreme range 

■ 




in brackets) 

II 

B 

specific hent 





(cal dcR-' g-') 





Whole blood 

0.87 

- 

- 

45 


0.94 

- 

- 

45 

Erythrocytes 

0.77 

“ 


45 

Specific conductivity 





(25 “C, S cm-t) 





Scrum 

0.01190 

(0.01173- 

0.01229) 


45 

Electrophoretic mobility 
(anodic) (|im s"t "'/■t cm) 

(a) Erythrocytes 

1.080 

1.064-1.096 

0.008 

47 

(b) Erythrocytes 

1.270 

1.236-1.304 

0.017 

46 

(b) Granulocytes 

0.840 

0.790-0.890 

0.025 

46 

(b) Lymphocytes 

1.060 

1.006-1.114 

0.027 

46 

(b) Thrombocytes 

0.120 

0.020-0.220 

0.050 

46 

Surface density of electric 
charge (esu cm”') 

Erythrocytes 

3500 


- 

SO 

Redox potential (mV) 

Whole venous blood 





(a) To calomel electrode .... 

- 

— 260 to 

“ 

64 


-300 



(b) To hydrogen electrode . . 


-12 to -52 


54 

pH value (38 °C) 

(a) Umbilical artery. 




56 

whole blood 

7.21 

(7.05-7.38) 


(a) Umbilical vein, 




56 

whole blood 

7.32 

(7.23-7.42) 


Arterial whole blood 

(b) Infants, 1-4 weeks 

7.377 

7.315-7.439 

0.031 

57 

(c) Infants, 4-16 months .... 

7.432 

7.366-7.498 

0.033 

57 

7.424 

7.386-7.462 

0.019 

56 

(e) Adults 

Capillary whole blood 

7.392 

“ 

0.015 

59 

(f) Men 

7.390 

7.360-7.420 


7.398 

7.366-7.430 

0.016 

0.018 

€0 

61 

Arterial plasma 

7.39 

7.35-7.43 






Venous plasma 

7.398 

7.378-7.418 

0.010 

62 

Erythrocytes 

7.209 

7.175-7.243 

0.017 

63 


7.19 

7.15-7.23 

0.022 

61 

Capillary whole Wood (37 °C) 

7.405 

7.375-7.435 

- 

64 


7.412 

7.391-7.435 

— 

b4 


(g) Women 


Remarks 


llic spcci/ic conductivity and total protein content of the serum can be i 
to calculate the total cations (sec page 562). 


Values from (a) 10 subjects (pH 7.2 in pbosphate-huffered saline), (b) 28 s 
jeets (ciiratcd blood). Tlie electrophoretic mobility of blood cells is detenm 
mainly by the carboxyl groups of the sialic acid present on the cell surface 
Each type of cell has a characteristic mobility; that of the erythrocytes is in 
pendent of race, sex, age and blood grouping^^. The leucocytes have an 
creased mobility^®' in chronic and acute myelosis, lymphadenosis. Hoi 
KiN*s disease and in the presence of tumours with bone metastases. Eiyti 
cytes have a lower mobility in the serum of cancer patients^-^. 


Calculated from the electrophoretic mobility. Assuming the crythr^tc s 
face to be 163 {xm®, the electric charge per erythrocyte is 11.9 X 10 esu. 


The range given embraces 83% of 550 measurements made * 

method of Zieclek using a weakly polarized platinum electrode. The re 
potential of blood is determined by the ratio of dehydroascorbic act 
ascorbic acid. 


Values from (a) 19, (b) 12, (c) 13, (d) IS, (e) 29, (f, g, h, k) each 20, (i) 55 jr 
(j) 9 subjects measured by pH electrode; values (d, f, g, h, k) arc on t e i 

pH scale, values (e, j) on the Hitchcock-Taylor pH scale. 

On the theoretical basis of pH measurement sec page 278. The chmcal me s 
ment of pH has been much discussed®®* ss-67^ pH values arc . 

when the nature of the standard buffer used is known; « 

Bureau of Standards buffer scale is recommended (for the _ 

page 279). Measurements should be made at 37 “C and not 38 C . 
is a suitable anticoagulant, but not oxalate, citrate or EDTA • . 

In completely resting subjects there is no difference bctu'ccn the va 
plasma and whole blood®®, but during bodily activity the ^nrcO.l 

slightly more alkaline than the arterial whole blood (maximum duicrc ^ • 

pH units at an oxygen saturation of 98%). The pH value of the capillar) 
is almost the same as that of the arterial blood®®* the 
average 0.008 pH units more alkaline than the latter. In the limbs the ^ 
plasma is up to 0.03 pH units less alkaline than the arterial 
newborn the blood pH is low®®* ®®, in pregnant women rather ig • ^ 

In acute disturbances of acid-base balance the blood pH may bnc .y 
6.8 or rise to 7.8®®; in chronic diseases it usually lies between 7. 

The pH value of the blood is extremely low m diabetic coma and 
insufficiency, very high in acute hyperventilation accompanied by 
and following protracted loss of hydrogen ions, for instance in vomi 
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H Situ ttiL./ 1 8J. i<9 (J»50). 


OialicH, O, /t Sf. tCf) (11^), U>n>«rTZ tad B‘4^ATien, 

mij 93,14? ll‘y,2),BiiTn'it4tndSvtMttG.eri/ 

89 (WT). 

KCvzo, O >mM‘d KpdtrU'U ,0), K5 (1941). 


<l-TTZi. £.. n JONXii ei iL (EJl). Sttnum Sjwptn^ m Ut 

lit /</«•/ * Exi^Vitnm Lifi, Kraw, Lndea, 19M. Mge 8X 

mul Kiu,/.er; (1914]. 

JTT. A,/ >*.tClrw,43. It (1919). 

>TT. U, KiM. r«K 14. ITfl (t9S«). 

ri.->niu> 7 < lod UuKi, IJyrprtarn^m mi PtnpnUnimwi, Sfbnbe. 
190, r*9t 1S4. 

r.TWH «■ C, i-»< X 344 (1957). 

lioncT.a../ p' 3 »./««iT, J3.r93 (I9SJ)- 

HuiH« lU A-tk-mst^Sl^, ilX <»4 (1943], <Aa.,UuC. 4t. 497 
1943). 

riiutttL./.Ai4 (&..Vm(,57, 444 (1941), Vxuj tod Hamiu^t tha. 
(19421. 

Hn»«,P,/.u-./«trf,«,23M (1942), 

CtOKK >»1 HBnuivM, iZm. rWlK, 33. 949 (1955). 
icvottiii.>v F T,y WC1«., 111. m (1914). 

>wixs. LUXwy 10. 41? (1942). 

'inxiXttnti^Amr IJS (1935). 

McCbu>«i>L,P>«-W.^P*4p.V r,).«9. 19 (1943). 

InwxMi. al, 25.231 (H«). 

Srm. 8. ti (1901. 

2. 520 (194.7] . Stwti, Am 

(!>«•). 

Tfvwi**** *03 Kusi, Djt ^ xhm l m H K W P^*3ntn*im^ 


C, t«7. I 


»nttx»',«^8OT. O, rui., 43, 44f) (1945). 
^ni»«iU«r»9fcJnl«Z>4Waw,JT1,1S(r94J,. 

Iiawm, B, Aar>rf.w*«i*^v^y, 2^(l9j„^ $c«a»u. 

ez-orstFflTWAI, 1917 

M 4«viT.t .T,/.jU.F<1.1X314 nJST. 

& Fcfcifrr.ftiCidttplj*. 


*4 04 NCM 4 ir(i’il, A'nTM.in. ^2 (* 939 )- 

44 RoTTTM04iidAMCzu,/W N.Y.Sutt Aj$ /■j/////4L«lT<«A<41.9(|94|]; 
Scnrow uid Awciif. C^« Citm^ 8, 579 (1942), Ga4£z rt >1-. A-s,r,Jl^. 
>f/p 59.4,83. <52 (1941) 

*4 Mt.-VKC*, Ki/tx^ltmluU, Sjf-, /^•p/tr- *•/ 


»* St.5*»TrT. S, A^ } Ohui. T75 (1942), 

'« VCTTMOu. A.. Efpit.PiM.M-J KjMJfflf,li.,7i. S77 (1924). 

9' VCHawam and M4i(t. ^rtnliitiMPM PtnpnumimuM, Sc))*])« 
£*d«.t9<l.nrTZ21. 

ft UncNWBu. O- /tnl CWi.. 11). m (1920). 

7 » SuTtm. CIL. Amf.J.ppd J«, 19 X 73 ( 1934 ). 

74 GfilMCHiM, f R., Aftr } MpJ.Sii., 189, 450 (1934). 

74 Scan «t at, «9 N. (Ed.), Kit-nM 2fld 

cd. L't^ a Sc5)««'vnb<r& lijAKh, 19S0. page 10, Hirawitt n tL 
//»4A./, IX 915 (1939). 


Tn, «fe«or, anr 549-MI) 


WaJff 

(x't) 

(JST) 

'») 

I>^»oS*tan<« 

(V (AT; 

Ctli 


^■wiloCOR, 

l») Arwj.';j-,.,4 


14% nnin j 

Mrwi (CTtrenw rang# j / | 

» bnrkau; ^ j *"* 


44A-C34 


I3Z9 ' I«-157 

154.1 140-15) 


Vil v« (i) frrxn iiPtuhfCU. The9iit( 
cnnttni ii( the trjxhfrpT’Ittt incuntt ■« 
ike haeiTvTfflAtiii ewifeflt (tlln, n,* 
wjrer eyttenf nf the platma i« ki^h^i r ln 
tenmt teevmhtni tubte<t < and nvreaa«i 

drifingfli^'aicaleffi'.n Thewtrit^^^it^f 

o# thf teofnrjut ranei wib !),« 

and degree oFmaiafirf*, 


ValKi (a) eafenJated (r^ ik^ 
e^feni and apenilin gfafiT. (kj 
ored M 121 rakvwra Al^*" 90V, , 
di7 auhafanee o( •kr>(* klnod Tn 


VtIa-1 (,) (rnm 44 nen (.7 
71M, (k) ^ a-M.ik>o ,>f 

oai*l iwta. Tie loial aerom 
mreavd mpremanire mfanfa d'ltTnnt^ 
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Blood >- Inorganic Substances 

(For references see pages 567-568) 



Whole blood 

Plasma or scrum 



Mean 

95% range 


Refer- 


95Vo range 


Refer- 

Remarks 


(extreme range 

/ 

Mean 

(extreme range 

/ 




in brackets) 




in brackets) 




Bicarbonate (mEq/l) 

11.2 

litythrocytcsi 

10.9-11.5 

0.15 

B 

24.9 

• 21.3-28.5 

1.79 

9 

Erythrocyte values from 1 
values from 15 subjects. See s 

Chloride (itiEq/1) 









*Blood Gases', page 571. 

(a) Umbilical vein blood . . . 

... 

» . • 

» . • 

... 

103.3 

94.1-113 

4.6 

10 

Values from (a) 14, (b) 20, (c 

(a) Newborn, 2 day.s 

. . . 

. . . 


• . • 

102.8 

88.6-117 

7.1 

10 

157, (0 37 subjects measured 
metrically, (b, c) mercurimctrii 
argcntomctrically. An autor 

(b) Infants, 3 months 


• * . 

... 

... 

113.6 

83.2-144 

15.2 

It 

(c) Adults 

- 

(77-88) 

- 

12 

102.7 

(99-110) 

- 

12 

perometric method of chloridt 
nation has been described*^. 2 

(d) Adults 


Erythrocytes: 


... 

106 

101-111 

2.5 

13 

whole blood comes into cor 
air, CO 2 passes out of the try 

(c) Adults 

— 

(52-65) 

— 

1-4 





and is replaced by chloride 

(f) Adults 

67.9 

58.9-76.9 

4.5 

IS 





plasma (chloride shift); tn dei 
serum chloride the crythrocyt 
therefore be separated as far a 
with the exclusion of air. 


Tlic chloride content of cord blood is roughly the same as that ofthc maternal 
blood^^; that of the scrum rather higher in infants than in adults* *, 

Hie scrum chloride level is pathologically increateH after protracted dehydra- 
tion, in renal hypcrchloracmic acidosis (Ltcimvooc and Albright types), in 
respiratory alkalosis, after head injuries and during treatment with cortico- 
steroids ; it is dtereased by severe sweating without adequate chloride intake, by 


Joss of digestive juices (especially gastric juice), by bums, by expansi 
extracellular fluid (pneumonia, water intoxication), in injury to 
tubules, in adrenocortical insufficiency (Addisom’s disease), during m 
with certain diuretic agents, in respiratory acidosis and occasionally i\ 
ketosis accompanied by diuresis. 


Nomogram for obtaining the serum cation concentration from the specific conductivity and protein content of the serur 

Lufkin and Sunderman, Ttchn.BHU,Rtghtry mtd, TichnologistSyl , 118 [1946], supplement to Amer.J,ciin>Pai/Ut 16 [1946]) 


Specific conductivity Scrum cations 

(Scm-i X 103) (mEq/l) 


Scrum proteins 
(g/lOOml) 


9 


10 


11 


12 


13 


14 


110 


120 


•130 


■140 


■150 


■160 


■170 


■180 


-T-3.0 


.1 


.2 

.3 

.4 

.5 

.6 

.7 

.S 


.9 


4.0 


.2 


.4 


.6 


.8 

-5.0 

.2 

.4 

.6 

.8 

- 6.0 

.5 

-7.0 

.5 

- 8.0 

.5 

-9.0 

.5 

10.0 



(For rtfintDce* kc page* 567-S68) 


tioaphonii (mg/1) 

.) Toul phosphorus . . 


lorginic phosphorus 
7 ) Newborn, 1 week. . 

:) JuTemles, 1-15 years .. 
i) Adults 


e) 

0 Phosphoric es 
phorus 


’g) Lipid phosphorus 


yxtterne range 
in bnckris) 


(31 +-443) 

Erythroeylfl 

(609-867) 

blood 


(21-38) 

Etythroeytei 

(9.1-33) 

05-49 

^XboU blood 

(186-286) 

(385^) 

Eryihrocywa 

124-150 


Sulphur (mg/t) 
(a) Total sulphur 


■ I Protein sulphui 


tbj V’nproteio sulphur 
Inorganic lulphate 

Sulphuric ester eulphur 
Neuttil sulphur 

(cl Inorgimc sulphate 
tmEqll) 


Bromide (mg/1) 

la) imR/kg) 


Fluoride (rog'D 

(b) 


Crritirorftcr ] ( 

1900 - ' - 

% bole blood ' 

1180 I - I - ! • 


3 73 [ (3.27-527) | 


1 ’ OJS (004-036) 


(37-iS) 
(36-59) 
25 6-41,6 


(100-18 5) 
(25-65) 
pO-W5) 


28 (07-133) 


Valuer from (a) 42. (b) 464. (c) 121, 
whole blood) 42. (d. serum) 22, (e) 
(0 42. (g. etythtocytei) 20. (g. leru 
42subjecti,»a;ucs(0exc/udelipidpfii 
pbonii. 

The phosphorus oftheerythrocytesct 
sists mainl/ of phosphoric acid cst> 
(nucleotides, sugar phosphates and gli 
etol diphosphate), with ofily sm 
amounts ol inorganic phosphate In 1 
serum, lipid phosphorus prcdominai 
(see under 'Phosphatides*, page 601). 
SirtminrgmcpitipMi Octetminatio 
should be made in fasting serum. T 
meihodssee iheliierature^'. The aerv 
phosphate consists of about 806i p 
marp phosphate and about 20% seco 
ilary phosphate, depending on the pi 
small amounts are protein- boundr^. 
The serum phosphate lerel is high di 
mg the firsi days of life '* «.inch 
dten II IS mackedly higher than in adul 
but falli to the adulr lerel when osai 
canon of the tkeleioB is complete*^ 4 
The lerel begun to increese it ebout e: 
age of 50f* In men and women tl 
levels ete about the lamef * except du 
mg ptegnanry. when there 11 a marki 
reduciion^r On phospbaie metabolia 
see the litenlufe". 

The Mtum photphiie Itvel it ptcholoi 
iCally nmiai in bypopatathytoidiw 

S eudobypoparaihyroidism, renal insu 
lency, vnamin D intexicaiion, and o 
eaiionall)' in idiepithie hyperealetemi; 
It IS Amtin! in hyperparachyroidisr 

impaired calcium and phosphate abiarj 
tiort, vitamin I^deficieni rickets, ten 
tubular aeidoui (ALfilCKT type), tl 
Fanconi syndrome and phospbaie dii 


Plasma values (s) rsinilstcd fteffl th 
whole blood and eryihtoeyie value; 
valuei (b) from 16, (c) from 83 youn 
adults 

About $]% of the sulphur in blood j 
contsinedintheproiemi Theiulphuri 
ester ftsciion contains 3 indoxylsulphu 
nc seid (sec page ili) and other con|U 

liihjone. ergothioneine snd oiher con- 
pounds 


ThcK 

enttfdia 


nil failure- 


c sulphate level 


Values (•) from 5 subjects < 
by neutron sctintion Th 
eontentoTihe blood ippeiri 
widely from one individual 
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Blood Inorganic Substances 

(For references see pages 567-5G8) 



Whole blood 

Plasma or serum 



Mean 

95% range 

IjUjM 

Refer- 


95% range 

m 

Refer- 

Remarfcj 


(extreme range 


Mean 

(extreme range 





in brackets) 

m 



in brackets) 

H 



Iodine (ng/l) 

(n) Totnl iodine. 

1 

1 

1 

1 



52.1 

(38-60) 


41 

Values from (a) 12, (b) 11, (( 

00 Inorg.mic iodine 

... 

... 

... 

... 

2.8 : 

1 

(1.0-5.2) 

- 

42 

(t) 12, (0 38, (g)91. (b)2 
subjects; values determined 

Protein-bound iodine 





1 




kalinc digestion, (bl^^^jtxac 

(c) Cord blood 

. * . 

* . . 


. « . 

79 

(67-92) 

- 

43 

ric acid digestion, (e-i) pc 
digestion. For methods see 

(.n) Adults 

. . . 


. . . 

. . . 

48.1 

(35-56) 

- 

41 

ture<7.-<a. 

(d) Adults 

Butanol-cxtmctablc iodine 

, . . 


- • • 

. . . 

52 

32-72 

10 

44 

1 

(c) Newborn, 2-6 days .... 
(f) Children, 


... 

... 

... 

1 

(70-117) 

1 

45 

1 






1 

55 

39-71 

8 

46 


(g) Juveniles, 11-18 years . . 

. . • 

... 

. • • 


42 

30-54 

6 

46 


(h) Men 

. . . 

. . . 

... 

... 

50.0 

33.0-67.0 

8.5 

46 


(i) Women j 

j 


... 

. . . 

44.6 

31.8-57.4 

6.4 

46 



The inorganic serum iodine level depends on the iodine intake; with a norma) 
intake the serum iodine is almost exclusively organic. The protein-bound io- 
dine consists of the tetra-, tri- and di-iodothyronines and part of the mono- 
iodothyronine, while the butanol-extractable iodine comprises only tetra-and 


tri-iodothyroninc. The serum protein-bound iodine is higher in 
and during pregnancy^^- ^tt^and also higher in newborn than in old 
4^. -45. it 15 increaied in hyperthyroidism (80-300 pg/l) and dicrtast 
thyroidism (0—40 pg/l)^^. On iodine metabolism sec the literature- 


Thiocyanate (mg/1) 


Borate (as boron, mg/1) . . . . 


Nitrite (ug/l) 


cate (as SiOa, mg/1) . . . . 


Potassium (raEq/1) 

(a) Umbilical vein blood . . . 
(a) Newborn, 1 day 

(a) Newborn, 2 days 

(b) Children, 3 months 

(c) Children, 18 months 

(d) Adults 

(e) Adults 

(f) Adults 

(g) Adults 

(h) (mEq/kg) 

(i) (mEq/kg) 

(k) (mEq/kg) 



... 

... 

... 

0.80 

(0.44-1.14) 

- 

52 

0.25 

(0.00-1.25) 

- 

S3 

... 


... 


8 

(0-16) 

— 

54 





8.3 

3.5-13.1 

2.4 

55 


... 


... 

99.6 

Erythrocytes: 

97-102 


to 

7.79 

3.79-11.8 

2.0 

10 

105 

100-108 

- 

10 

6.19 

4.73-7.65 

0.73 

10 

107 

100-114 

- 

10 

5.92 

4.32-7.52 

0.8 

10 


... 


, , , 

5.24 

4.30-6.18 

0.47 

11 


» . . 

... 

. . . 

4.72 

3.54-5.90 

0.59 

11 

81.7 

68.3-95.1 

6.7 

56 

4.30 

3.40-5.20 

0.45 

13 

88 

76-100 

6 

15 

4.05 

3.37-4.73 

0.34 

15 


... 

... 

. . . 

3.7 

3. 1-4.3 

0.31 

137 


... 

... 

... 

4.4 

3.6-5.2 

0.39 

127 

89.6 

82-97 

3.6 

137 





89.7 

Thrombocytes: 

73.9-106 

7.9 

57 





69.1 

65-71 

— 

56 




1 


Values from 52 nonsmokcr 
values arc found in smokers i 
tients with hyperplasia of the 


Values from 34 children ; larger 
due for instance to excessive a 
through the skin from tising > 
preparations, are toxic. 


Values from 2$4 subjects; no d 
due to age, sex or disease (indk 
cosi5) were found. 


Values from (a, er>'throc>tcs) 
rum) 14, (b) 12. (c) 13, (d, cryt' 
20, (d, serum) 157, (c) 37, (C 
106, (g, scrum) 22, (h) 128, (i 
jects, all by flame photometry 
tails of method^^ and the 
thromboQ'tcs on potassium 
nation in serum sec the litcratt 


ssk;£“4“a“»-'. 


accompanied by oliguria or anuria and untreated diabetic ketosis; it » 
logically dtcreasfd by inadequate potassium intake or absorption. b 5 
digestive juices (diarrhoea, vomiting), and in adrenocortical hype”' 
ing CoSHiNC’s syndrome, corticosteroid tberaf 

ncy disease accompanied by polyuria, mediation with diuretic agen 
tubular acidosis, Fanconi’s syndrome, and diabetic ketosis during 
ircattncnt. 
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Whole blood 1 

1 naimaoraerum | 




95% range 


Refer- 


! 95% range 



Remarki 


hUtcv 

(eatreme range 



(cuecfne range 





, 

inbracketi] 




m brackets) 

1 



>dlum (mBq/l) 




i 

146 8 

131-163 

S I 


Vilueifrom(a) f4. (b) 20. (c)37, (d) 157, 

> Ne-sborn, 1 day 





1464 

133-159 

65 

>0 1 

(e) 20. (f) 106, (g) 128 aub|ect, by (a-d, 
f, g) flame photometry, (e) neutron 






148.7 

140-157 



tctiTatiOn On the flame photometric 

>) Aduha 

164 ' 

Erjrthrocytei' 

10-22 

30 


144 5 

138-151 

1 

33 

i 

method** and the effect of Kfum pro- 
teins on assay see the literature*^ '*. 


87 

5 1-13 1 








i) Aduin 



138 

132-144 

3 

re 


:) Adult! 





142 6 

138-148 

2 45, 

** 


) AduUi 

?) (mEq/kg) 

10.9 

8.3-13 5 

Thnmbocytea | 

IJ 


138.4 

132-145 

!’• 1 



l) (mEqJkg) 

27 0 

25-28 

■ 

*• 



1 




VtodiiantomtnteifrtietTjthTOcyttthttthulotiiSMnngptegfitorf’^.'IV* iMcaitttiefttfeuBfinttpMtlculirtytdingeii.tdreocKWtictlhyperfuoetioa- 


n toJium t«««l II pithol^etUr ••'fuai in dihfilntion. to<ti<un tgeoti.iod dubeiie kerniii 


^Idum (tnCq/U 
[») Cord blood 
|b) iSduIri . . . 

[e) Adulei . 

(d) 16-59 f«« 

(() 60-70 yean 

(f) Adulii . 
Troitin-bound 
lonned 
Complet 

(R> (mC«i/kR). 


SS 
509 
5.2 
4 74 
4.60 
49 
lA 
29 


0.12 


CryiKnxriet 

0 05-0 19 



Ctleium - over 50% lomted / ten thin SO", tonued 



4 7-5 5 
4 8-5 6 
4.56-4 92 
4 36-4 84 
4 6-5 2 
14-24 
2.7-31 
0-03 




Vtluct from <t) 5, (b) 48, (d) 73, (t) 21, 
(n3},(;)50iiib|(e»by(i.d,<.OEt)TA 
cicntjen, (b) eulate pteeipitition, (e, g) 
flame phocomecry 1%e oulate-preeipi- 
laoon and flame photometne methodi 
giTe rather higher viluei (hen EOTA 
titnuofi*^ **.On the flame photoitiet- 
ri« method tee Miel-mal" 
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Blood - Inorganic Substances 



Whole blood 

Plasma or scrum 

Remarks 

Mean 

95% range 
(extreme range 
in brackets) 

D 

Refer- 

ence 

Mean 

95% range 
(extreme range 
in brackets) 

■ 

Refer- 

ence 

Mngnesium (mEq/l) 


nrythrocytes: 








(n) Cord blood 

4.4 

- 

- 

cs 

1.64 

- 

_ 

65 

Values from (a) 3, (b) 77, (c, ct] 

(b) Adults 

5.3 

4.24-6.36 

0.53 

65 

2.00 

1.70-2.30 

0.15 

65 

cytes) 54, (c, scrum) 46, (d) 40, { 
(0 100, (g) 58, (h) 97 subjects by 

(c) Adults 

4.78 

3.30-6.26 

0.74 

76 

1.70 

1.30-2.10 

0.20 

76 

EDTA titration, (c, h) titanium y 

(d) Adults 

4.93 

3.87-5.99 

0.53 

76 

1.73 

1.45-2.01 

0.14 

76 

method, (d) ammonium phosphate 

(c) Adults 



. . . 


1.66 

1.50-1.82 

0.08 

77 

metry, (f, i, k) absorption flame p 

(f) Adults 





1.74 

1.52-1.96 

0.11 

78 

metry, (g) fluoromctrically with 



1 







droxyquinoline. On the emission 

(g) Adults 

. . . 

... 

. . . 

. . , 

1.89 

1. 6-2.2 

- 

79 

photometric method see MacIntt 






1.80 

1 ? ^2 

0 26 

80 


(i) Before puberty 

3.76 

(2.86-4.30) 

- 

63 

1.69 

(1.50-1.99) 


63 


(k) After puberty 

4.26 

(3.68-5.26) 

- 

63 

1.65 

(1.36-2.07) 

- 

83 



For discussion of the discrepancies in the scrum magnesium values see the 
lltc^atu^c^^ The scrum magnesium is about 30Vo protein-bound, SS-COVo 
ionired and 10-15% in the form of complcxcs^^* The scrum magnesium 
level is lower in the newborn and their mothers than inadults^^. No age or sex 
differences have been observed in adults^®. Tlierc is an extensive literature on 
magnesium mctabolism^^* 

The scrum magnesium is pathologically increauditi kidney disease (thccry thro- 


cyte magnesium is also increased) and hypothyroidism; it is pathologi 
dicreattd in disturbances of magnesium absorption, severe romidng 
diarrhoea, hyperparathyroidism, thyrotoxicosis, chronic alcoholism, prii 
aldosteronism and renal tubular acidosis, and occasionally in liver cirrh 
Serum magnesium levels below 1.3 mEq/l arc marked by acute convulsio 
but the peripheral muscle cramps seen in hypocalcacmia do not occur. 


Cobalt (ng/l) 

i 

0.35 1 

1 

1 

— 

66 

0.29 

- 

— 

67 

Iron (mg/1) 









(a) Cord blood 

. . . 

. . . 

. . . 

. . . 

1.93 

- 

_ 

66 

(b) Children, 3-10 years .... 



. . . 

. . . 

0.86 

0.20-1.52 

0.33 

68 

(c) Boys, 12-19 years 


. . . 



0.946 

0.19-1.70 

0.376 

69 

(d) Girls, 12-19 years j 


. . , 

. . . 1 

. . . 

0.917 

0.25-1.59 

0.335 

69 

(c) Men 

- 

(440-560) 


90 

1.34 

0.58-2.10 

1 0.38 

66 

(f) Women 

(g) Adults 

“ 

(420-480) 

“ 

90 

_ 

0.75-1.75 


91 

Total iron-binding capacity 









(= latent or unsaturated 
iron-binding capacity -t- 








1 

j 

scrum iron) (mg/1) 


[ 







(b) Children, 3-10 years 



. . . 


4.0 

(1 .9-4.5) 

- 

68 

(g) Adults 



••• 

... 

- 

2.5-4.0 

- 

92 


Scrum values from (a) 21, (b) 17, (c)^ 
(d) 161, (e) 33 subjects by (a, b. c)c^ 
metry with e-phenanthrolinc^'^, (c, 
dipyridyl method^^. Scrum ifon^ 
also be determined wth bathop* 
anthroUne®^, 


Most of the iron in the blood is contained in the haemoglobin of the erythro- 
cytes; haemoglobin contains 0.347% iron. The scrum iron is in the ferric form 
and is almost completely contained in the protein transferrin. 

Strnm iron. There ate wide diurnal fluctuations^^, with values 10-30% higher 
in the morning than in the evening. In women the values arc 10-15% lower 
than in mcn^^ and vary during the menstrual cycle®®. In pregnant women 
approaching term the scrum iron is 35% lower than in nonpregnant womcn®^. 
In the newborn the level is at first high but falls rapidly during the first 12 


hours®®; it risesagain during the first month, falls during the 2 nd fodthmon 
and often remains low up to the age of 2 years before rising to the aciult Ic' 
at school age®®. On iron metabolism see the literature®^* ®®. 

The scrum iron is pathologically increaied in haemolytic anaemia, 
pernicious anaemia, acute hepatitis and idiopathic hacmochromatosis, p 
logically decreased in iron-deficiency anaemia, infections, the nephrone s) 
drome and chronic bleeding. 


Copper (mg/1) 

(a) Cord blood 

(b) Children, 3-10 years 

(c) Men 

(d) Men 

(e) Women 


1.03 

Erythrocytes : 


TOO 

0.51 


_ 

68 


. . . 

. , . 

. . , 

1.31 

0.77-1.85 

0.27 

86 





0.92 

(0.99-1.58) 

0.50-1.34 

0.21 

68 

0.89 

0.72-1.06 

0.085 

TOO 

1.10 

0.79-1.41 

0.157 

tor 

0.89 

0.64-1.14 

0.127 

too 

1.20 

0.84-1.56 

0.178 

701 


acyte values from (a) 3, , 

s; scrum values from (a) 2*. ' 
31. (d) 120, (c) 85 

determined colorimctnwUy 

ne. Copper can also he ^ 
with bathocupfoinc® or o 


Inmc 60% of the erythrocyte copper is contained in the erj’throoiprcin, 
ao/ nf the serum copper in the caeruloplasmin; both these proteins con- 
^'^(152-0 36% copper. The copper content of the erythrocytes is much 
note constant than That of the serum, and there is no correlation between 

J*' There mav be wide fluctuations up to 0.3 mg/1 from day to day'". 

During pregnancy the le ^ level'®®. In the newborn it is much 

weeks post paitum to P of the inability of caeruloplasmin to pass the 

SentSer!?lt°elrvelrisess.eeplyd 


higher in children than in adults*®"^. Tlicrc is an extensive literature ouenpi 
metabolism^ 

The scrtim copper is pathologically /*Tfr?i7Win infections, lupus ^ 

glomerulonephritis, myocardial infarction, hacmochromatosis, cirr.ic 
various organs, Hodgkin’s disease, aoite leukaemia, aplastic 
thyrotoxicosis, as well as during oestrogen therapy; it is 
decreased m disturbances of copper absorption, k\i*ashiorkor, 
degeneration, idiopathic hypoproteinacmia and loss of cacrulopbst^’^^^ 
kidneys (in the nephrotic syndrome). In hepatolenticular dcgcncrat.'-- 
copper not bound to caerulopl.asmin is Increased. 
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Whole blood 1 

Rasmaotaenim | 



Mrsn 

9$Vi tiDge 


l«fc^ 

M«n 

95K range 


Refer- 




in brackets) 




ui btsekett) 




nganefle (ug/I) 


(8 5-16.5) 

Erythrocyica 




(1 8-31) 



Viluet (i) by neutron tctiratioo, (b) by 








colorimetry. 











ilybdenum (ng/^g) • • 

33 

0-83 

23 

» 





Viluei from 5 lubjectt by neutron scti- 

1C (mg/1) 


Crjthtoeytei 















0.33 



Oii'ldfcn, 4-^1 months 

7.7? 

4 37-1 U? 

1.70 


177 


0.2V 

1 

f.ai32..0s.VlA,frtl2-.W84^ffl27.(,f.e) 

Qiildten, 1-5 years . . . 

10.55 

7.51-13 S') 

1.52 

tee 

130 

0.66-1,94 

0.32 

ree 

lS.(e>ll, (d)126. {e)40iub)ects;»aluei 

' Adults 

12 44 

8 84-16 04 
Whole blood 

1 80 

toe 

1 09 

0,69-1.49 

0 20 


(e. whole blood) determined by neutron 
■cciration, all oiheta colonmeciieslly 
About 3S% of the acfum xine la bound 







0 83-1.59 

0.19 


toproteini DurineoreenaneTthesefum 

■ (mg/10‘»cells). . . 


Erjihrocytet 









0 65-1.29 

016 

tee 





remiini fairly conitant”.^ There » s 










eonjiderable literature on imc tnetab- 

) (mg/10“eells), 

14 0 

0-34 8 

I (37-43.5) 

104 






Olitns"' The teeum rinc la palbologi- 
eaUy tiiiiaietui atrofhie cirthotia of the 
lircr, infectioni, myocardial infarction 
and untreated pemicieua anaemia The 
auie content o/ the Icucoeycea la patbo- 
logially timaiit in laulirartua'"* "* 










andcirrboaiaofcheliw"* »k. 

tumintum (tis/1) 

140 

0-380 

120 

lit 

172 

156-188 

S 1 











' i 

dependence on age or lex bar been ob- 
terred 

fienlc (|ig/l) 

. 

(60-200) 


i.f 

i 




Valuei (a) from 6 lubjecta by neutron 

i) (i*8/lf0 

4 

0-10 

31 

** 



i 


aetiTiiion. 

.Md (dg/l) 

1) 

270 

170-370 

50 


29 





b) 

1 - 

(0-200) 


ti» 





Taluea under IDO ug/I). valuei (a) de- 
lertnined ipeorographicaUy, (b, c) col- 
onmetncally Moat'ef the blood lead 

C) 


(<300- 

400) 

- 

tf» 













la in the erythroeytea"* Whole-blood 










viluet exceeding 400 tigfl indicate an 

Jihlutn (ug/l) 





- 

(3-44) 

- 

... 

ebnormtUy high lead abtorption”*. 

Selenium (ug/kg) 

1 120 

2o-ro 

50 

e* 





Value! From S iub;eet5 by neutron icu- 











Other elements 

1 

i 







Forideraaedliit of the elements lofar 
detemuned in blood see BourEN*a' Re- 


i 








,'IJ* 'ttays hare been made of banum 
*^.cadmiumtre^cbroriuumt^^-'ra^ 

fcrcurytra, rubidium'^^ and 
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Blo od g as es (for blood pH values sec page 560 ; for references see page 571) 

The normal values given in the table on pages 57 0 and 57 1 arc for 
sea level and can be used at altitudes up to 200 m without adjustment. 
In persons resident at high altitudes the value of Pcot is reduced as 
a result of chronic hyperventilation while the pH remains normal 
owing to complete tcnal compensation, so that the plasma bicar- 
bonate concentration is also reduced (cf. ‘Water and Electrolyte 
Balance’, page 527). 

Blood samples for gas analysts must be drawn under anaerobic 
conditions. Even when they are stored under anaerobic conditions, 
however, it must be home in mind that changes due to clotting, 
glycolysis, autoxidation and sedimentation will occur. Blood from 
the peripheral subcutaneous veins is not usually suitable for gas 
analysis. Venous mixed blood is drawn from the pulmonary arteries. 
Arterial blood should be drawn from the femoral, brachial or radial 


arteries. For the micro methods, capillary blood obtained b) ‘• 
puncture of the warmed finger tip or of the lobe of the car n w- 
since its gas content is almost identical with that of arten’' ' 
It has recently been recommended 2 that blood gas valti^ • 
be measured at 37 °C instead of 38 '’C, or converted to the t' 
tcmperatutc. . 

Methods3-3. Girbon dioxide, oxygen, nitrogen and c.ir_ ^ 
oxidcarcusuallydctermined manomctricillybyvLAS ^ 

or the Kopp-Natelson micro modification of this metho ■ 
dioxide and oxygen can also be measured by m.ass spectro^ t 
gas chromatography, oxygen capacity and oxygen satu 
spectrophotometry, bicarbonate by titration, ox 3 'gen ^ 

larographictll}', carbon dioxide pressure potcntiomctrica l 
poncntsofthcCOj-bicarbon.ate system not mnnsuteddHe 

obwined by calculation using the dissociation equilibrmtu ^ 

ic acid (page 527) or by means of nomograms (pages - 



Normal 


Blood Gases 


oeram for the add-base balance of human blood at 37 “C (from SmCsa aod Ha*tincs, [BalUmort]. 27. 223 [1948 

1 2 3 4 5 
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Blood - Nitrogenous Substances 

(For references see page 578) 



Whole blood 

Plasma or serum 



95% range 

n 

Refer- 


95% range 

■ 



Mean 

(extreme r.angc 


Mean 

(extreme range 





in brackets) 

H 



in brackets) 

H 

H 

Total nitrogen (g/1) 

34.3 

(30.0-41.0) 

Erythrocytes: 

- 

1 

13.1 

(12.0-14.3) 

- 

1 

(B/i) 

- 

(57-62) 

- 

2 





(e/kg) 

55.3 

51.7-58.9 

1.8 

3 





(mg/ 10* cells) 

4.61 

3.77-5.45 

Leucocytes: 

0.42 

4 






10.0 

0-23.8 

6.9 

4 







*rhfombocytcs: 








- 

(0.31-0.39) 

- 

5 





Nonprotcln nitrogen 
(NPN) (mg/1) 

(a) Cord blood 

311 

244-378 

33.4 

7 





(b) Newborn, 5-6 days .... 

266 

201-331 

32.3 

7 





(c) Children, 1-6 years 

324 

253-395 

35.7 

7 





(d) Adults 

331 

219-443 

56.0 

7 





(c) Men 

276 

202-350 

36,9 

B 

249 

177-321 

35.9 

a 

(f) Women 

261 

183-339 

39.1 

B 

223 

139-307 

42.0 

a 



Erythrocytes: 







(e) Men 

309 

211-407 

48.9 

B 





(f) Women 

318 

189-447 

64.7 

S 





Urea (mg/1) 

(a) Cord blood 

294 

148-440 

73 

12 

216 

158-274 

29 

7 

(a) Newborn, 3 hours 

257 

71-443 

93 

12 





(a) Newborn, 24 hours .... 

(b) Newborn, 5-6 days .... 

318 

60-576 

129 

12 

201 

139-263 

31 

7 

(c) Children, 1-6 years 

. . . 


. . , 

. . . 

313 

241-385 

36 

7 

(d) Adults 


. . . 

. . . 

. . • 

328 

230-426 

49 

7 

(e) Men 

272 

156-388 

58 

e 

305 

177-433 

64 

8 

(f) Women 

241 

131-351 

Erythrocytes: 

55 

B 

238 

122-354 

58 

8 

(e) Men 

232 

114-350 

59 

a 





(f) Women 

(g) In relation to protein in- 

178 

58-298 

60 

a 





take 









0.5 1 f 





193 

135-251 

244-528 

29 

13 

isle protem/kg 1 

( body weight/day | 



. . . 

. . . 

386 

71 

13 

2.5 } \ 



. 


455 

311-599 

72 

13 

Creatine (mg/1) 

Children, 1-14 weeks 

Adults 


... 

... 


- 

(2.2-12.5) 

- 

IS 

(a) 

27 

- 

- 

20 

- 

(1.6-4.0) 

- 

21 

(b) 


Erythrocytes: 

... 

... 

_ 

(1 .9-7.9) 

— 

22 


56.2 

_ 


23 





Creatinine (mg/1) 

(a) Cord blood 





11.8 

6.4-17.2 

2.7 

7 

(b) Children, 4-21 weeks . . . 


. . . 

. . . 


9.5 

7.9-11.1 

0.8 

7 

(c) Children, 1-6 years 


. . . 



11.9 

7.5-16.3 

2.2 

7 

(d) Adults 

6 

- 

- 

20 

12.4 

6.6-18.2 

2.9 

7 

(e) Men 


. • . 


... 

8.55 

5.3-11.9 

1.69 

24 

(f) Women 


Erythrocytes; 

... 

... 

7.12 

5.6-8.6 

0.77 

24 


4.5 

" 


23 






The scrum creatinine level is increasedhy ingestion of creatinine (for instance tnenareJ v/hea endogenous synthesis 
in roast meat); it is largely proportional to the muscle mass and therefore excretion is impaired, 
higher in men than in women (see also page 531). The level is pathologically 


Remarks 


Comprises the chemically bound 
gen. Because of the fibrinogen th' 
nitrogen of the plasma is slightly 1 
than the scrum value given here. F 
Kjeldahl method of N determu 
see Archibald ct al.^. The prop< 
of protein N in the total N is ove: 
in the erythrocytes, over 96% i 
serum, about 80% in the leucocyti 
about 90% in the thrombocytes; 
erythrocytes 94% of the total N i: 
tained in the haemoglobin. 


Values from (a) 25, (b) 21, (c) 25, ( 
(c) 58, (0 subjects by (a-^) 
of Folin^, (c, 0 method of^vp apo 
On a high-protein diet thcNPN co 
is increased and the proportion of 
N is up to 90% ; on a low-proteir 
the NPN content is reduced an< 
proportion of urea N is 50% or Ic 
Towards the end of pregnancy the : 
content of the blood decreases ani 
proportion of urea N is small|^ 
NPN is pathologically hcnaied in 
ous kidney diseases, obstruction o 
urinarj' tract, bums and shock, dfn 
in severe liver damage. See also u 
*Urea\ below, and page 531. 

Values from (a, whole blood) 13 
scrum) 25, (b) 21, (c) 25, (d) 30, (c 
(0 31. (g) 10 subjerts by cleavage 
urease and deteitninaiion of NH 
Nessler*s rcagent^^ or better BeR' 
LOT*s reagent^®' In an auton 
series of assays using diacctylmoi 
ime»7 90% of the values were ht 
200 mg/1 serum. For calculation of 
urea content from the NPN seepage 
The urea content of the blood dep< 

mainly on the proteinintake.theamf 

of urine excreted and the functit 
state of the kidneys. The concentra 
in the cord blood is determined by i 
in the maternal blood^^; in ptc? 

women it appears to be rather lev . 

xirca content is inenastd yrhen 
breakdown in organs is increased i 
instance in fever and after operand' 
in disturbances of renal excretion «n> 
obstruction of the urinary ^ 
tiecreafeJ frequenUy in dchydnwa 
tients given N-free solutions . 


n values by (a) 

Dmctr>’ with ninhydrm. On 
£ reaction see below under 


lues from (a) 25, (b) l^- ‘ 

)39,(028subicc«:«i^J; 
itomatic method. ^ 

often used to dererminec 

; creatinine is not ; 

t to interference by P . 

ic acid, 

, etc. \^alucs also 
sample is 

by the enzymutic J 
methods (tme 
lO-20!4 less than J 

^lucs. For further^ 
h see the htenture 


as in acrome 


:pily)snii''i'' 
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~ 


95% rsnge 


elti^ 

Mrin 

9S% range 


tefer- 





cmtefne nnge 



in brackets) 


ll.L 


US brackets) 



uanjdlne (mg/1) 

_ 

(<0 4) 

. 

an 





uanidlnoacctle add 
(mg/l) 

- 

(<3) 

- 

.. 

- 

(2.4-4.4) 

- 


Icthylguanldlne (mg/I) .. 

- 

(<02) 

- 

aw 





mmonla (mg/1) 
i) Nettbom, 0-14 days .. 


(0 9-1.5) 

















0 48 

022-0 74 


ao 

0.20 

(004-033) 

_ 

jr 

:) Adults 




0.19 

008-030 

0 055 

32 

i) Adults, venous blood . 

1.02 

0.56-1.48 

023 

3 » 





e) Adults, arterial blood . ■ 

106 

0.76.1.36 

0.15 






>e« amino adds 
(as a^imino-N) (mg/I) 
s) Cord blood 





76 8 

36 8-116.8 

20 

.. 

b) Children, ^11 years . 





501 

24 1-76 1 

13 

»* 

e) Wen 

61 

48 4-73.6 

63 

• 

42 

33 4-50 6 

43 

» 

’d) \X'om«ft 

$9 

48 2-69 8 
ErythroeyKi 

54 

• 

39 

280-500 

5.5 

* 

;«) Men .... 

87 

71 M02.2 

76 

♦ 





(d) Xl'omen 

90 

7S0-10S0 

75 

■ 





Camlilfle (mg/I) 

ErgotMonelne (mg/I) 


ErythrocTMi 




(8 6-13.3) 

- 

* 

(a) Adults 

96 

34-158 

31 

e# 





(uit»l/kg water) 

MSI 

Ib-m 

6% 






(e) Qiildien, days-t year . 

125 

17-233 

54 






(d) QuWten. 1-12 yean 

200 

0-410 

105 

a» 





(e) Adults 

458 

90-826 

184 


- 

«io> 

- 




(<300) 







Glutathione (mg/I) 





1 



(j 1 Adults ^ 

1 IS* 

aw-*!*) 

Erythrocyte! 

- 

•* 





(b) Newborn, < 48 hours 

782 

748-816 

16! 

>a 





(b) Newborn, > 43 hours 

697 

662-732 

17.6 

•a 





(e> Adults 

- 

(586-689) 

_ 

f* 





Ciimol/iO'* cells) 

Reduced (GSH) 

210 

144-276 

33 






Oxidized (GSSG) 

22 

10-3* 

6 

»» 





Aliphatic amince (a* N) 









("tR/l) 

0.^ 

008-0^2 

01 






Ethanolatnlne 









(amol/kg trater) 

- 

«10) 

- 


- 

«10) 

- 

- 

Pboephoethanolamlne 

(mg'l) 

blood 

Maternal blood 


«250) 



2.7 

0.5 

0-5.5 

O-l.l 

M 

04 

,, 

(unol.'kg water) 

265 

*451^51 

lift 

9 " 





Remirki 


Ab»ent from the erythrocyte!*'*- 


Veluei ftotn (b, whole blood) (h. 
ietMfti) 30, (c) 20, (d) 50, (e) 25 luhieeti 
by (e. d, e) diffusion method, (b- <) lon> 
exeh»ngechroitutop!phf In (he new. 
bon> the blood tmmooii leeel >* higher 
then in the mother*', it is high m pfe- 
tninire infinti end newborn wi'h ic- 
teroe**, fety often elso In patient' *'ith 


Viluei from (») 25, W 32. (c, d) »> 
jee«» by colorimetric method with nio. 
bydfin. A tneeiure of the en’ino'^d 

content I! the a-emino-N content, beit 
determined by the pteometncninhydfin 
method**, though this elm pteaiuree 
the «-*miao group! of peptidei ind 

other iubitineei Inierumthe ^*i'ntn> 

Nnlue depends on the minnet in which 
ihepro<einiirepreclpitited**.i‘"f“*'** 
hig^r then in the pleimi ovutS <n *<* 
Jetie of imino leldt from the thr^ho. 
ejtesdurwgtoiguluion (PoeiiidiTidml 
tibino tcidi in blood we pige 5?^ ) 


Vslueifrom(a)94meaiurenienii*nd(h) 

4. (e) 19. (d) 15. (e) IS luhjecti. The 
blood le»el ^pendi on the ergothinn!. 
me eentent ol the diet.^stholoyiefl ofi* 
stionahlee been reported** *'• 


Viluei from (a) 10, (b) 102, (e) 19 euh- 
)eefi. Clutsthione occur! only In the 
erythrocyui In Its reduced form it »e- 
coonti P>r some 30S of the noniiigif 
reducing eubarsnees of whole hlnOfl. 
There )ppeari to be e close relstlonthip 
between gtutaihione luWiiy end the 
lenMiieify of the eella to hiemolf'l***- 


Vilo*! from 34 tnh^r-t! I'lhirV'lemlrM 

»nd d.rrimhylimifie pfed<miift«fe, 
f'rf plume ralues t.« .f*., ,t,« w-l. rm 

psgejr*. 
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Blood - Nitrogenous Substances 

(For references sec page 578) 


Amino ncidn 

Individual amino acids can lie determined by microbiological 
methods^® or after separation by paper chromatography or 
column chromatography'^’-*'’; for a few there arc also specific 
chemical methods. Stiiin and Moork’s column-chromatographic 
separation usually yields 26 amino acids in scrum, with a further 6 
ninhydrin-positivc substances occurring in traces. Normal values 
arc shown in the table below. For further data see the literature 
(reviews values in children’'®’’*®, cord-blood values’*^). 

Physiological varialions. The amino-acid content of the blood is 
increased for several hours after a protein-rich meal. It is higher in 
newborn and particularly premature infants than in older children; 
in children in general it is rather lower than in adults, though there 


arc wide individual variations. Values for glutamic acic 
in children than in adults. In women the amino-acid coi 
blood shows some dependence on the menstrual cycle: 
of the luteal phase the alanine, serine, lysine, threonine ; 
contents are low, while during pregnancy most amino ac 
sent in rather lower amount than in the luteal phase. 

Pallwlogical variations. The scrum amino-acid content 
in liver disease, particularly acute yellow atrophy of the li 
burns and shock, in diabetes with ketosis and in kt 
(especially p-aminobutyric acid), decreased somewhat in 
The contents of some amino acids are increased in hen 
turbanccs of amino-acid metabolism (see pages 448-45( 
thcr discussion of the pathological variations see the lii 


Free amino acids in the plasma and blood cells of newborn, children and adults (by ion-exchange column chromatogra] 



Newborn* 

Ist day 

Adults* 

Children** 

9 months-2 years 

Adults^ 


Menft 


Plasma 

Plasma 

Plasma 

Plasma 

Plasma^- 

Ervthro 

- Lcuco- 


Mean 

Range 

Mean 

Range 

Mean 

Range 

Range 

Mean 

cytes 

cytes 


mg/l 

mg/l 

mg/l 

mg/l 

txmol/l 

ptmol/l 

Hmol/1 

pmol/kg 

jimol/kg 

ptmol/kg 

Alanine 

29.4 

21.0-36.5 

30.7 

22.2-44.7 

219 

99-313 

213-472 

420 

350 

6610 

P-Alaninc 

1.3 

- 

0.8 

- 

0 

0 

- 

- 

- 

- 

a-Aminobutytic 
acid 

1.5 

0.6-3.0 

1.7 

1. 0-2.4 

5 

0-17 

10-35 

_ 



p-Aminoiso- 
butytic acid . . . 





5 

0-22 

trace 


— 

- 

Arginine 

9.4 

3.8-15.3 

14.3 

8.6-26.3 

31 

11-65 

40-140 

100 

0 

330 

Asparagine 

6.0 

- 

5.7 

- 

- 

- 

- 

- 

- 

- 

Aspartic acid .... 

1.1 

trace-2.2 

2.2 

trace-7.2 

2 

0-9 

1-11 

2 

370 

3500 

Citrullinc 

2.8 

1. 5-5.0 

5.3 

2.1-9.7 

- 

- 

10-17 

- 

- 

- 

Cystine § 

14.7 

8.5-20.2 

17.7 

11.5-33.7 

4 

0-40 

70-108 

no 

0 

370 

Ethanolaminc . . . 

3.2 

1.6-5.6 

0.1 

trace-0.7 

- 

- 

- 

- 

- 

- 

Glutamic acid . . . 

7.6 

3.0-15.7 

8.6 

2.5-17.3 

- 

- 

(20-90) 

(50) 

(320) 

(7360) 

Glutamine 

112 

79-140 

83 

61-102 

135 

46-290 

(140-570) 

_ 

- 

- 

Glycine 

25.8 

16.8-38.6 

17.4 

10.8-36.6 

170 

56-308 

179-587 

220 

370 

5080 

Histidine 

11.9 

7.6-17.7 

12.4 

9.7-14.5 

64 

24-112 

32-97 

80 

140 

630 

Hydroxyproline . 

4.2 

- 

0.92 §§ 

0.69-1.20 §5 

- 

- 

- 

- 

- 

- 

Isoleucine 

5.2 

3.5-6.9 

7.1 

4.6-11.5 

44 

26-94 

40-99 

70 

40 

2900 

Leucine 

9.5 

6.1-14.3 

13.2 

9.3-17.8 

75 

45-155 

78-176 

140 

400 

6300 

Lysine 

29.3 

16.7-39.3 

25.4 

21.1-30.9 

87 

45-144 

105-207 

200 

130 

2360 

Methionine 

4.4 

1.3-6.1 

3.2 

2.3-3.9 

21 

3-29 

11-30 

30 

trace 

1750 

1-Methylhistidine 

- 

- 

- 

- 

0 

0 

0-10 

- 

- 

- 

3-Methylhistidine 

- 

- 

- 

- 

0 

0 

0-8 

- 

- 

- 

Ornithine 

12.1 

6.5-20.0 

9.2 

4.3-16.7 

40 

10-107 

30-64 

- 

- 

- 

Phenylalanine . . . 

13.0 

6.9-18.2 

9.5 

6.3-19.2 

40 

23-69 

38-73 

50 

40 

2480 

Prolinc 

21.3 

12.3-31.9 

27.1 

12.8-51.4 

115 

51-185 

103-290 

220 

170 

2100 

Serine 

17.2 

9.9-25.5 

11.8 

6.8-20.3 

92 

24-172 

76-164 

120 

150 

5100 

Taurine 

17.6 

9.3-27.0 

8.3 

5.7-17.3 

49 

19-91 

32-138 

SO 

36 

26000 

Threonine 

25.9 

13.6-39.9 

19.4 

12.2-29.3 

60 

33-128 

76-194 

130 

160 

3400 

Tryptophan 

6.5 

tracc-13.7 

9.8 

5.1-14.9 

- 

- 

- 

- 

- 

- 

Tyrosine 

Valine 

12.6 

7.6-18.0 

9.1 

6,5-11.3 

45 

11-122 

22-83 

60 

50 

1970 

16.0 

9.4-28.8 

19.9 

13.6-26.6 

127 

57-262 

168-317 

270 

330 

3750 1 

1 


* Values from 25 infants before the first feed and 8 adults'’®. 

*♦ Fasting values from 20 children (Vis, H., quoted by Sowart, P. ®). 
t Fasting values from 30 adults assembled from the literature-*®, 
tt Blood-cell values from one man’*®. 


§ Values in \imo\ arc for c>’stinc ‘ j 4* cysteine. The plasma of aduli 
tains about 10 mg cystine and about 4 mg c^'steme per litrc^-^^. 

§§ Fasting values from 10 mcn^’^^. 
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\rhoIe blood 

Plaimiotseruni 



Mr.n 

95'.. rtogt 

r 


6r»n 

9S%nt>gti 

, 

Refer 






" 


iatnckcii) 




if»mJne(mg/l) 

2.9 

- 

_ 







srmlne (mg/l) 

134 

1.14-1.54 

010 






1 Values frorn 30 tubieces. Both smmei 

erml<ilne(mg/l) 

0 96 

0 86-106 

005 






f sre found only in the cells 

erylchoUne («g/l) 





12.8 

13-368 

12.0 

to 

Values from 14 iub)eaj. Higher it 






(33-43 0) 



Sithmiic patients. 

oUn* (mg/l) 

't»l choline 






(244-542) 


„ 


recholme 




■ 

44 

(i5-99) 

- 


fona ofpboapholipidi. 

techolaminei . . 









See pages 731 •i)d73X 

iumine (ng/l) 


(I6-«'I) 



2.6 

(0-is; 



flittamine oenn mainly En the leuco- 




















neutrophili 3J. basophils 1080, eosino- 
phils 160, lymphocytes 0 6, monocytes 
1.2, thrombocytes 0 009. The blood 










syndrome** and particularly in chronic 










myeloid Icahaemia ovutg to the ia- 
neased aunber of basophils*^. 

j/ot*nlne(ug/l) 


(0-27) 


** 






7ptamlne 









Tryptanoae has been fetsad m the blood 
of a petmi vtth s catcsseid nuBeuI*^ 

.N>Dlm«thvlinp(«mln« 
(»f{/l) ... . 

39 

27-51 







Values freiB 30 subjects. 

:rotonln (ug/l). 


(90-180) 


*• 

13 

1-25 



htcai of the blood setetcoia Is idset bed 











g/10* cells) 

0 336 

0 45 

0 145-0 524 

0 13-0 77 

0094 

016 

n 





Jbe taraoetd tyndrorae^ *ith (htoio- 
boeyte niues up to 18J ug/lO* cells*'. 

tndocyUulphurie •eld 
(inJicin) (mg/l) 










) Mm 
i) ^X■omen 






06-54 

0.9 

U 

>1 

Valaes Inn (i) 54. (b) 44 •«b|eet».The 









perooc eyadrosne'*- 

Sulphaiox^skatolc (mg/I) 






(1>-I) 

- 

'* 


iiIolyU.4cetlc arid 

(mg/l) 






(.-a 

- 



idol7|.J.j4Cllc add (mg/l) 





' 

(01-1) 




'erfAjrw 


f^rythrocT*.* 



019 

011-027 

004 



(mg/l) 


(0 25-0 45) 

Cfytlifocyte. 




5^ ^oes from 50 

eres **T>hio- 

«rn donog ti* Itosynthesis of S- 
““*4*«^iaiesQd*». » « 0- 

orphobitlnogeo (mg/l) 

- 

(0.15-0 40) 







^proporphfdo (^g/D 


Eirthrecyt*. 

16 

- 


IS 

t-29 

(7-32) 




0 Cord blood 

25 

8 

0-60 

(lt-72) 

„ 



?g^^^'*e.from(.>20.{b)I0 

:) Men 

dl^omen 


5-21 

(7-25) 

0-26 

(5-23) 



i * 

2-14 

(4-15) 

3 

'■ 

■T-4i??rr^'^7T»n content of tie 
_^«»ruia£ocyme«iBre9 


i 

' 
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Blood - Nitrogenous Substances 

(For references 8ce page 578) 



Whole blood 

Plasma or serum 

Mc.in 

95% range 
(extreme range 
in brackets) 

■ 

Refer- 

ence 

Mean 

95% range 
(extreme range 
in brackets) 

1 

Protoporphyrin (pg/l) 


Hrythrocytes: i 






(n) Cord blood 

540 

40-1040 

250 

79 

. . . 

. . . 




(320-1350) 






(b) Newborn, 9-15 diiys ... 

510 

- 

- 

79 




(c) Qiildrcn, 1-2 years 

320 

- 

- 

79 




(d) Men 

300 

150-450 

75 

79 






(160-520) 






(e) Women 

370 

170-570 

100 

79 






(180-510) 


i 






Erythrocytes: 






Uroporphyrin (pg/l) 

“ 

(0-20) 

- 

76 

1 




Haemoglobin 








Cord blood (mg/1) 


. . . 


. . . ^ 

80 

- 

- 

(a) Newborn (mg/1) 


. . . 


... I 

- 

(1000-1310) 

- 

(b) Adults (mg/1) 

. . . 



. . . 

3.1 

(1 .6-5.8) 

- 

(c) Adults (g/1) 

158.5 

134-173 

- 

66 






Erythrocytes: 






(c) Adults (g/I) 

328 

299-357 


86 




Haemiglobin (methaemo- 








globin) 








(as % of the haemoglobin) 

0.4 

(O.O-l.l) 

- 

88 



. . . 


0.65 

0.25-1.05 

0.20 

89 




Carboxyhacmoglobin 








(as % of the haemoglobin) 








(a) Newborn 

0.42 

0-1.54 

0.56 

93 



. . . 



(0.1-1. 8) 






(b) Adults 

0.55 

- 

- 

94 




(c) Adults 

3.4 

0-8.2 

2.4 

95 




Verdoglobin (mg/1) 

4 

- 

- 

96 




Bilirubin (mg/I) 








Direct-reacting 






1 


(a) Adults 



I . . . 

' . . . 

1.0 

(0.5-2.4) 

- 

Total 








(b) Adults 



. . . 


6.0 

(2.6-14) 

- 

(c) Premature infants, cord 








blood 




. . . 

18.5 

2.9-34.1 

7.8 

(d) Newborn, cord blood . . 





15.1 

1.7-28.5 

6.7 

(e) Newborn, 1 day 





26.8 

0-60.0 

16.6 

(f) Newborn, 3 days 





58.5 

2.5-114.5 

28.0 

(g) Newborn, 5 days 





60.6 

1.0-120.2 

29.8 

(h) Newborn, 7 days 


... 



50.0 

1.4-98.6 

24.3 

Free 











... 

... 

4.0 

I.5-I0.5 

- 

(j) Women 





2.8 

1. 1-7.0 



Refer- 

ence 


Remarks 


84 

84 

85 


93 

99 

99 

99 


Values from (a) 20, (b) 10, ( 
20 subjects. Protoporphyrir 
absent from the scrum®^. Th( 
phyrln content of the crythro 
so closely correlated with tl 
cyte count as the coproporp 
tent®®. It is markedly incrcas< 
ropoietic protoporphyria^^ 
deficiency anaemia, slightly h 
haemolytic anaemia, shows 
values in lead poisoning, an 
within the normal limits in 
anaemia^®. 


Values (a) from blood drawn 
puncture of the heel, (b) fro 
jects by the benzidine rcactio 
rum haemoglobin is increasi 
bodily activity and may read 
the normal value in highly-tr 
letes, 77ie serum hacmoglobir 
to haptoglobin; the maxirour 
capacity is 1.4 g/1 scrum®^. ^ 
from 200 subjects. See also ] 
and 613. 

For spectrophotometfic dete 
secHAiNLiNEctal.®®. Qinicals 
(cyanosis) appear at 20*/i ar 
concentrations of haemiglobi 
there is danger to life at 70 
toxic and congenital haemiglc 
(methaemoglobinaemia) see J 

Heller®^. 


Values (a) from 20 infants up 
old (infants with Rh and AB 
patibilitics had values from 1.9 
®'®), (b) measured in a CO*fr 
sphere, (c) measured in a nom 
sphere. Values of 12V* and m 
been measured in car drivers, 
symptoms appear at 15-25/#, t 
lifeat65VQ®^ 


Values from (a, b) 110, (c) 49, 

(c)ll. (0 10. (g)ii. (^) 

subjects. Determination by ' 
Bergh reaction; for modinc 
Mallot and Evtxyn (denatur 
methanol) sec MacDonald ct a 
that of Jendrassik and Crop ( 
tion with acetate, benzoate and 
sec GA\n3iNO ct al.^®^. In the nc 

direct spcctropbotomctric met 
been uscd^®*^®®.On methods^ 
see the litcraturc^®*^®^! 
bilirubin standard is all-impottai 

Thcdircct-rcactingbilirubinoft 

reaction represents roughly t 
jugated bilirubin (bilirubin d^ 
idc, smaUcr amounts of biUf^>hi 

glucuronidc and sulphate), the 

between the total bilirubin am 
reacting bilirubin (indirect 
the free bilirubin. It is uncertain 
direct •reacting bilirubin is pf 
the scrum of healthy persons. 


free funconiugated) bilirubin is normally bound to albumin, the binding 
city of which can be determined'O®. The bilirubin of pathoogteal seta can 
eparated chtomatographically into 4 fractions'O^ namely free, moni^ 
ugated, diconjugated and albumin-bound. On the physiology and pathol- 


ogy ot buiruoin mctaDoiism sec tnc iiicraiurc — 

the table on the opposite page. 

Sirtp/e jaundut of infetls. Owing to deficiency of UDP gluaironyl t 
the liver is incapable of conjugating all the bilirubin present, so tha 












iturbances of blllrubla metabolism 


Tn>« of Jauodie' 

1 Nature of irciabolK iiiaiutbtnce i 

1 Site 

Free biUtubin Jn 
KrumCfincreaied) 

Coniugated biLnibi 
in aerum (f Increue 

, 1 ’ . f , 1 . 

1. .. 

1 Reticular f. 

t 

(t) 


1 . . " ' 1 

system 1 1 

1 1 

t I 

' 

(t) 



iJesmto the duodenum | 

1 1 


lepatitij. Cirrhosis 

Aiserenl stages of bilirubin metabolism i 

1 ^ i 

1 tf 


1 

Vhole blood 

ntsmsoteenim 



u-.' 

9JS range 
(riirecra rsngs 


Refts- 

Mean 

1 mean*. 

1 (esireme range 


ftefet 




in brsekeia) 




1 in bnetcial 




nmi, Mt/ie/iJti 
UnioIn(mg/]) 

rlcacld (mg/I) 





- 

1 

1 (3-«) 

- 

„■ 







55 




Serum yaluei from (a) TO. (b) 224, (< 

) Children, 4-9 years 





37 3 

- 


Its 

074, (d) 809 luhieeti by urieiw method 

1 btales 

2J6 

16 0-312 

38 


486 

t 20 9-76 4 


tit 

lubieeti by chrematograrby, see rang 

) Females 

227 

13 7-31 7 

<> 


41 8 

1 18 2-65 4 

11 9 

M» 




IjyihtocTKs 







non lee theliientute"* 


25 



itt 











TlxeeniinuneKidleTeli 

•.rxkr. 

□gically wrrMtrdin gout, in renal injury, tn 










'TeaKd (et for Inst ince in rnytioic leukaemi 







drKdvreiKaemii), 4trrtiit4\ei ' 

juon's diieate and the rarictTHr lyndrom 


" 

' , , 


■ . 

• 

d by the adcninii 

taiioB 

of uric 


anthlne and hypo- 
»amhine(mg/l) 






(-1-2) 




ueleotides (iimol/D 

Jenosme monophosphate 
Jenosine diphosphate 

- 

(2-14) 

(32-73) 







Valuee from 13 men end 8 eronvn afie 
chtometngtaphx trperifion. Nueleo 
tides are found only in the ctlli, and thi 

Jenosme triphosphate 


(2S7-586) 








uanosine triphosphate 









mhole blood end erythfocTtei’Sajpuco 

iosineitiph(?sphjte 









cytes'** aodlhfombocytei'ee.Aheted 
iiiry type of incfeajed erythrocyte ATI 
cootrnt has been eepofted’er. 

ndine diphosphate 









icotirumide-ademne 

dinucleotide 


(22-40) 

- 







A$N'\D 

33 0 


- 

tit 






As NADH, 

46 



TiJ 






icoeifumiJe-adenine 
dinuclectide phosphate 


(2-15) 

- 







As NADP 

11 6 









As.VADPHi 

16 0 



tit 
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Blood - Nitrogenous Substances 

(For references see page 578) 




Whole blood 



Mean 

95®/o range 
(extreme range 
in brackets) 

H 

Refer- 

ence 

Protoporphyrin (pg/l) 

(n) Cord blood 

540 

Erythrocytes: 

40-1040 

250 

73 

(b) Newborn, 9-15 days . . . 

510 

(320-1350) 


79 

(c) Children, 1-2 years 

320 

- 

- 

79 

(d) Men 

300 

150-450 

75 

79 

(e) Women 

370 

(160-520) 

170-570 

100 

79 

Uroporphyrin (pg/1) 

_ 

(180-510) 

Erythrocytes: 

(0-20) 


76 

Haemoglobin 





Cord blood (mg/1) 



... 

... 

(a) Newborn (mg/I) 

. . . 


... 

... 

(b) Adults (mg/1) 

. . . 


... 

... 

(c) Adults (g/1) 

158.5 

134-173 

- 

66 

(c) Adults (g/1) 

328 

Erythrocytes: 

299-357 

- 

66 

Hacmiglobin (methaemo- 
globin) 


(O.O-l.l) 



(as % of the haemoglobin) 

0.4 

— 

68 


0.65 

0.25-1.05 

0.20 

69 

Carboxyhaemoglobin 
(as % of the haemoglobin) 





(a) Newborn 

0.42 

0-1.54 

0.56 

93 

(b) Adults 

0.55 

(0.1-1.8) 


94 

(c) Adults 

3.4 

0-8.2 

2.4 

95 

Verdoglobin (mg/I) 

4 

- 

- 

96 

Bilirubin (mg/I) 

Direct-reacting 





(a) Adults 



... 


Total 





(b) Adults 



... 


(c) Premature infants, cord 





blood 




. . . 

(d) Newborn, cord blood . . 



... 

... 

(e) Newborn, 1 day 



. . . 

. . 

(f) Newborn, 3 days 


• • • 

. . . 

. . . 

(g) Newborn, 5 days 


• * • 

. . . 

... 

(h) Newborn, 7 days 





Free 






. . . 










Plasma or serum 


Mean 


95% range 
(extreme range 
in brackets) 


Refer- 

ence 


Remarks 


80 

3.1 


1.0 

6.0 

18.5 
15.1 
26.8 

58.5 

60.6 
50.0 


(1000-1310) 

(1.6-5.8) 


(0.5-2.4) 

(2.6-14) 

2.9-34.1 

1.7-28.5 

0-60.0 

2.5-114.5 

1 . 0 - 120.2 

1.4- 98.6 

1.5- 10.5 
1. 1-7.0 


7.8 
6.7 
16.6 
28.0 

29.8 
24.3 


se 

S3 

93 

99 


le free (unconjugated) biUr^in is normlly „„ 

parity of which can be ' 4 f„„ion 5 ' 0 ^ namely free, mono- 


Values from (a) 20, (b) 10, (c) 8, (d, c) 
20 subjects. Protoporphyrin is almost 
absent from the serum®-^. The protopor- 
phyrin content of the erythrocytes is not 
so closely correlated with the reticulo- 
cyte count as the coproporphyrin con- 
tent®^. It is markedly increased in eryth- 
ropoietic protoporphyria®^ and iron- 
defidency anaemia, slightly increased in 
haemolytic anaemia, shows very high 
values in lead poisoning, and remains 
within the normal limits in pemidous 


Values (a) from blood drawn by cartful 
puncture of the heel, (b) from 25 sub- 
jects by the benadine reaction. The se- 
rum haemoglobin is increased dtmng 
bodily activity and may reach 30 times 
the normal value in highly-trained ath- 
letes. The scrum haemoglobin is bound 
to haptoglobin; the maximum binding 
capacity is 1.4 g/1 serum®^ Values (c) 
from 200 subjects. Sec also pages 611 
and 613. 

For spectrophotometric dcterminatio.n 
see Hainune et aL®®. Qinical symptoms 
(cyanosis) appear at 20% bisber 
concentrations of hacmiglobin J, wd 
there is danger to life at 70% . On 
toxic and congenital haemiglobmacmia 
(methaemoglobinaemia) see Jaff 6 and 


Values (a) from 20 infants up to 4 days 
old (infants with Rh and ABO m™®' 
patibilitics had values from 1.9 to 11.9 .• 
SJ). (b) measured in a CO-frec atmo- 
sphere, (c) measured in a normal atmo- 
sphere. Values of 12% and tFore have 
been measured in car dnvers. Omical 
symptoms appear at 15-25'/i, danger to 
lifcat65%»'. 


Values from (a, b) 110, ("^1 
(e) 11, (0 10. (B) (b) 0. (') O'- ” 

subjects. Determination by vsn orN 
Dergh reaction: for mod.ficat.on of 
Maleot and Eveetn b 

methanoDsee MACDoNAEDCtal.^ .for 

that of JENDRASSIX and GROF (aralem 

lion with acetate, benroale and 

seeGAMu.N-oetal.'o-MntheneuW 

direct speettophotometne method ha.s 
been used'®- On methods in Brn'-’' 
see the literature'®-'^'; 

bilirubinstandatd 15 all-irnponan ^ 

The direct-reacting bilirubm of 

reaction represents roughly • 
legated bilimbin (bilirubin d|glucuron- 

4.0 1.5-10.5 - 

2.8 U-7.0 - '99 b"g^b^^“-S 

the setum of healthy persons. 

Ogy of bilirubin metabolism see thelit=rarure'9®-'99.also page, 363-36 < and 

the table on the opposite page. „ „r i tnP ducuronyl transferi-e 

Sinple ias’i.inc cf nfavtt. Owing to dcfiaency o ^ »o that the sentm 

,h7liver is tncapabie of coniugating all the bd.tuh.n prcent.so that t 
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.ni!>in increii«i About *0% of newborn infann hie* t lerum 
if «>»ef 40mg/l during the fint week”®. The bilirubin lerellt 
nbilical ictenal lerum than in the uinbJical TCnous lerurn”', 
hi4 •/ Ihi vtisrn. Viih increasing haemoglobin breakdown the 
1 Keel ttsea.as toon aa the buiding capacir; of >be albumin fa 


exceeded, keroictenu nujr dcTelo^ exchange transfut'ons are rccoRimended 
when the Knim bitirubu exccedi 190-230 mg/I, depending on the age and 
health of the child For further ditcustion of haemolytic jaundice and kemic- 
tcTua are the literaiuce*® •®* 


:• of bilirubin tnetaboliam 


ype of jaundice 

Nature of metabolic disnnbtoce 

s... 

Free bilirubin in 
rcrum(} Increased) 

Conjugated bilirubin 
inierum (f increased) 


1 

1 ' ■ ’ 

Retidtiac 1 

t 

tt 

ft) 

ft) 

.hierttolyttciiundicc. 1 
t’s syndrome) 
c hyperbilinibinaemij . 

1 impatced transport of free btlitubiD 

UretOy- r 

sosocnes) ■ 

t 

t 


ndiee of infants ... . 

i| jiundice) 

JajJ'x syndrome 

1 Incomplete conjugation office bilmibm 

Liver (nu- 1 
ctosomex) | 

t 

tt 

- 

; jaundice 

HV50S syndrome . . 
idrome 

1 Impaired excretion of bilinibm glucuron- 
/ 1 



t 

t 

f 

>e jsundiee 

Impaired tianspoct of bilirubin glucuroti' 
ides into the duodenum 

1 Bile ducts 


tt 

eifchosis 

1 At seretal stages of bilirubin meubolism 


tt 



Vhole blood 1 

Plattna ot aenam I 



M... 

(extreme Nnge 
ui brackets) 

' 

Refer- 


95% range 
(eairemc range 

i 

Refer- 

Reirarki 

flO/lJll 















- 

(3-6) 

' 

ns 


!fnfl/D 

tn, up to d days 
n, 4-9 years , 

236 

227 

25 

16 0-312 
13,7-31 7 
Ejythrncyres 

38 

45 

::: 

$5 
37 3 

43 6 

41 8 

20B-76 4 

18 2-65 4 

139 

118 


Serum eilues from (a) 70, (b) 224, (c) 
874, (d) 899 aubjecti by uticate method, 
wbole-blood raluei from (c) 13, (d) 8 
lubjecta by chromatography, age range 
of subjectafe.d) 4-88 years Fordiscut- 
iion of methods afune acid dcteimini- 


rx acid le»ej la high In rht aewbom. In ehdJn 
men it remains fairly constant throughout 
the menopause than in men, highet afier it 
incase meihod) li 75 mg/! serum in men, 60 ir 


*en ra thee ftsver than 
lirc.uswomeotlsf 
I The upper iimst of 
ng/l serum in worsseo 
acid fnetaboliam^^. 


TTKteruniuncacKlIeTeliapaihofogicaffyiwnaie/ingoul, Inrenatiniury.and 
schen nucleic eadmeuboltun is increased (at for instance in myeloic leukaemia 
andpolycylhaemta).<Eie'ee»din Wilson'i disease and the Pancoki syndrome 
assd by the adiniiuatratinn tsf urKOsuric drugs 


and hypo- 
c(mg/l) 






(-1-2) 


rai 

It* (iimoljl) 

■ monophoiphate 


(2-14) 

- 






; diphosphate 


(32-73) 







! triphosphate 


(287-586) 

- 






: triphosphate 


(13-36) 







phosphate 

3 


__ 






phosphate 

45 








tvde-idenvne 

otide 


(22-40) 







D 

33 0 



IJX 





Dll. 

46 


_ 

rax 





nidc-adenine 
cfide phosphate 


f2-l 55 


If* 






Values from 13 rnen and 8 women after 
chromatographic separaiion Nucleo- 
tides are found only in the cells, and the 
plasma contains traces at most. Vanoui 
nucleotides hare been determined in 
whole blood and erythrocytes'^' leuco- 
eytes'^Sandihrombocytes'®* Ahered- 
ittry type of Increased erythrocyte ATP 
cotttecit hat been teported”'. 
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Blood ~ Nitrogenous Substances 



Whole blood 

Plasma or scrum j 



Mean 

95®/o range 

s 

Refer- 

ence 

Mean 

95% range 

■ 


Remarks 

Nucleic acids (tng/10’ cells) 
Ribonucleic acid 

8.19 

Leucocytes: 

0.91-15.47 

3.64 

126 

1 


1 

! 

1 

1 


Deoxyribonucleic acid 

6.86 

' 4.52-9.20 

1.17 

126 




j 
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rUsma pro«ein** * 



method). ultticcnttifuRtpfi. ehtomatogtaphy on lOA-cichangeM. 
(tel filtration ot »atiom methods of eleetrophoresi* (method of 
Ttirtiw oe uswff filter papef. SMreh gc), Rel. ctKolose acetate 
foil, etc . «s carnet) Individual proteins can be identified by im* 


the itbumin content fall* while the B-globohn content rise*'* (s«e 
page 582) Differences in the plasma protein level betweeO whites 
and negroes have often been observed’*. 

Several of the serum proteins exhibit allotypy (see under berum 
Croups’, page S34) 

R«retcnces 


Whereby opto Jddirietent serum ptotem IractiorM can be separated 
Eneymei can be determined by means of their biochemical aaivity 
(sec page 5S4). for the simple separation of the albumins from the 
globulins by laltingour see Rspniocoec si " Vsiththeeacepiion 
of erythrocyte ledimenracion (see pages 558-559), serum lability re- 
setioni ere no longet used 

Pkyiule(ii»I Ki'iJiuK/ rrocedutsl diffetenees make u desirable 


iiivi lompiHitioii occur patticuUcly during the first year of life* '• 
(seepage 583) and in pregnancy'* (see page 691) The adult plasma 
ptotcin level ts reached at the age of about 5 years’ ’ 5n old age 


• i« emmt e-rsnxtw I'nismcr.lVxr.si, Springfield. 19SS, 

IlmeHand ttrrcM. Tin Pngmiif, BlsckwtH. Oef'W'l. 

’» .22e,S22(IK2>,Bi«arNen1 (Edi 

Public Health Service Publication No 595. U.S DepiHf""'t of 
Health, Educauon, and Welfare, Bcihetdi, 1953, page 37 
'• PoiUK el at , / r/ia (1961), AsSHavaa 

41. t» (I9«5). 
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Physicoclicmical and biological characteristics of defined plasma proteins’ 
(I'or llpoptotcms see page 602, for glycoproteins see page 606) 



Grammes 

Iso- 

electric 

point 

(pH) 


Sediments 





per 100 g 
plasma 
proteins 
(%) 

phorctic 
mobility* 
(10-Scm2 
V-i s-i) 

tton 

constant 

^20\V 

(10-13 emS 
s'l dyn“i) 

Diffusion 

constant 

Daow 

(10"^ cm® s“ 

Approximat 

molecular 

weight 

c 

Fm 


Prcalbumin (tryptophan-rich) 

O.l-O.s 

- 

9.0 

4.2 

- 

61000 

Thyro: 

bindin 

Albumin 

50-65 



4.6 

5.9 

69000 

Colloit 











pressus 
and res 








proteir 

Acid cti-glycoprotcin (at- 








scromucoid, orosomucoid) 

O.S-1.5 

2.7 

5.1 

3.1 

5.3 

44100 

Tissue- 
down I 








(?) 

ai-Antitrypsin 

1. 9-4.0 

- 

- 

3.4 

- 

45000 

Inhibit 

trypsin 

as-Microglobulin . 

1.5-4.S 

5.4 

4.2 

19.4 

2.4 

900000 

Inhibit 

protein 

oj-Haptoglobin 

0.3-1 .9 

4.1 

3.3 

4.1 

4.7 

85000 

H.acmo 

binding 

aj-Caeruloplasmin 

0.3-0.5 

4.4 

4.6 

7.2 

4.7 

150000 

O-xidasi 

(?):co] 








content 

Pi-Sidcrophilin (transferrin) . 

3.0-6.5 

5.8 

3.1 

6.1 

6.2 

88000 

Iron tra 
defence 
infeaio 

ai-Lipoprotein 








density 1.093 

1 4.5-8 



( 5.5 


435000 

1 Lipid tr 

density 1.149 



\ 5.0 

- 

195000 

ae-Lipoprotcin 

0.5-1.5 

- 

- 

Sj-> 12 

“ 

3400000 

Lipid ti 

Pi-Lipoprotein 

4-14 

5.4 

3.1 

S/=0-]2 


2500000 

Lipid tr 

yA, IgA (OsA-globuIin, 








ViA-globulin) 

0.8-2.8 

- 

-2.2 

7 (10, 13, 

- 

180000- 






15, 17) 


500000 


yM, IgM (PsM-glohulin, 








YiM-globulin, 

Yi-macroglobulin, 19S y). • 

0.6-1 .7 


-2 1 

18-20 1 

1 

- 

950000 

Immune 

lins; car 

of spccil 

humoral 

Ytj, lg(j (Y-globulin, 







bodies*' 

Y 2 -globulin, Y.j-g'obulin, 

7Sy) 

13-22 

7.3 

-0.8 

6.5-7 

4.0 

150000 


vD.IgD 

<0.5 

- 

- 

6-7 I 

1 

! 

150000 (?) 


YE.IgE** 

<0.002 

“ 


8 i 

1 

1 

200000 

1 


Fibrinogen 

2.5-5.0 

5.4 

1 

2.1 1 

j 

B,S 

2.0 j 

340000 1 

i 

Coagulai 


* pH 8.6; ionic Strength 0.1. 
Identical with IgND. 


< From summaries ia Hitzig, W.H.. Dk Phs^aprdar.f h d,r hMi«hn 
miV”, Springer, Berlin, 1963 , page 45; PHrxrs and 

F W (Ed.),rA«?W/ai’ro/^m/,vol.l, Academic Press, New ^ork.1960, 

143: WOHRMANN and MXrks, Dy,proWrJr,,,„ W 

rcLabe.Basle,,1963._page55;Sc„^u-j^CK-a^n^^ 


*** Some of the antibodies in this group arc : 
yA Various insulin antibodies, tetanus antitoxin, poiio f/H/ ar 
certain isoagglutinins 

yM Isoamibodics anti-A and anti-B. acglunnating Rh ant!b<>dic' 
and nonspecific cold-agglutinins, hctcrophilic agglutinins, 
MANN antibodies, antinuclear antibodies, rheumatoid facto’’ 
tinins (properdin) 

yG Incomplete Rb antibodies, incomplete antibtjdie*! anti-A an 
LU-factor (?), blocking antiKidies 
yD Mature unknown 
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tufc of the Immunoglobulins’ 


- (:] 

Y 

X X 

■7T1 

S 

K 

X X 

u 

X X 

X X 

olecuUttype 

lam combination 

K L 

xiYi X«Yl 

K L 

[Kiatl% [Xiai]* 

K L 

x»8i ^a** 

K L 

K|f| Xltl 

K L 

txiu«l« [Xiwt]« 

« = 5 

K L 

xi Xi 

ormil immunoglobulin 

YG'Globulin 

yA-GlobuIin 

YD-Globolin 

YE-Globulin 

yM-GlobuIin 

vll-GIobulin 

ttaptotein** 

Myeloma globutinx 

Macroglobulin 

BeNCE-JoNES 

globulin 


•• rjopfo*««n» •« pfWciiH ofibnofinilitmeiurc in the immunoglobulin 
gtoupeppeenng ui n<opl>«'C diieiief of the teciculoendoihelul lyttem 


t >!»»*. K . jn Djt •f */«. ImmanbtolcgiJthe Inf<?f«»l!Onen dee l^h- 


ilno>acld and eatbohydrate comt>osltion of human serum ptoicina (fi/100 g ptotem)' 


1 

■;ri 

tlbumin 1 

1 

Albymtft 

And 

eopfotein 

efAftit. 

«»TP»in 

Vk: 

pUimifi 

globulin 

Tfior- 

fertm 

yO- 

Globulin 

ym- 

Globulin 

yA- 

Globulin 

1 ysine | 


1095 

4 46 

7.15 

817 

5.84 

5.34 

9 65 

696 

486 

4.57 

llwttdine ^ 

3fiZ 

317 

112 

292 

312 

3 93 

270 

3 33 

228 

1.83 

1.93 

Ammonia 

1 00 

0 94 

149 

104 

140 

1 40 

1J7 

1.23 

1.46 

123 

2 02 

Atgmme ^ 

4 27 

5 38 

344 

185 

223 

4 38 

3 82 

515 

4 02 

5 05 

4 55 

Aipifiieieid 

6 44 

9 05 

5 72 

802 

9.53 

9 45 

716 

11.40 

7 69 

7.12 

615 

Thteonine 

9 17 

4 31 

4 02 

497 

4 42 

535 

5 35 

3 71 

7.18 

723 

7.65 

Settne 

7 36 

315 

144 

298 

350 

364 

5 50 

4 38 

9 69 

6 95 

7.93 

Glutimic acid 

1091 

15 8$ 

10 50 

1090 

9 70 

1086 

1230 

10.22 

11.26 

10.62 

10 52 

Proline 

S31 

3 65 

181 

269 

4 19 

3 21 

4 07 

3 82 

6 05 

5 27 

6 26 

Glycine 

3 94 

lOS 

103 

203 

290 

298 

275 

344 

3.35 

3 06 

322 

AUnme 

6 2S 

6 67 

152 

289 

3.53 

2 44 

3 44 

500 

318 

3 51 

3 87 

Cynine'. 

0 

5 00 

068 

0 

2 05 

072 

1 14 

5 07 

2 20 

1 58 

2.10 

Valine 

6 44 

6 17 

2 14 

386 

6 2$ 

410 

6 60 

540 

810 

6 49 

6 00 

Nfrthicmne 

086 

1.03 

037 

166 

104 

198 

1.5$ 

1.31 

085 

1.16 

0 80 

Itoleucme 

3 68 

131 

2 46 

3K 

338 

413 

309 

210 

214 

2.70 


Leucine 

5 50 

10 30 

392 

825 

603 

551 

7 76 

8 21 

7.21 

6 33 

7 76 

Tyroime 

5 51 

4 03 

408 

187 

5 55 

7.5S 

4 84 

4 61 

5 97 



Phenylalanine 

Ml 

t 674 

3 31 

637 

236 

507 

537 

5 07 

4 29 



Tryptophan 

240 

! ”” 

140 

05$ 

260 

230 

1 30 

210 

3 83 

2 80 

3 30 

Sum 

96.73 

' 99 02 

* 5493 

i 

7332 

8195 

84 86 

65 63 

95 20 

97.71 

85 98 

88 41 

Meaofn 

04 

1 0 05 

' 1470 

470 

7.80 

300 

36 




12Q 

•^cettftietoumine 

01 

003 

j 1390 

390 

530 

240 

2.9 




Ort 

^cetylneunmintc acid 



1210 

360 

530 

240 

1 8 




iin 




j 070 

0.20 

020 

018 

0.1 

0 07 

0 20 

0 70 

0 22 



97.23 

9910 

j 96 33 

85 72 

10055 

92 84 

94 03 

101 07 

100 61 

97.78 

96 53 
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Scrum nnd pksma protein fractions of adults 


Frit tltc/rophoretis of sertm and phsma proteins' 



Scrum (30 subjects) 

Plasma (7 subjects) 


Absolute values 


1 Relative values 


Absolute 





(g/1 scrum) 


(g/100 g total protein) 

values 
(g/1 plasma) 

(g/100 g total protein) 


Afcan 

Extreme range 

/ 

bfean 

Extreme range 

s 

Extreme range 

Mean 

Extreme range 


Total protein 

73 

68-82 

3.7 

100 



~69-85 

100 



Albumin 

46.2 

42.2-53.9 

2.9 

63.5 

59.7-68.6 

2.32 


61.2 

57.0-65.8 


Oiobulins 

26.8 

22.5-31.0 

2.2 

36.5 

31.4-40.3 

2.32 

_ 

38.8 

32.2^3.0 

5 

n-Globulin 

6.8 

5.1-9.8 

1.1 

9.2 

7.0-12.2 

1.43 

_ 

9.2 

8.1-10.5 

c 

ai-GlobuIin. . . . 

”■ 

- 

- 

2.0 

1.1-3.0 

0.52 



_ 


tta-Giobulin. . . . 

- 

- 


7.3 

5.5-9.8 

1.15 



_ 


(3-Globulin 

8.2 

S.S-10.1 

1.1 

11.3 

7.7-14.0 

1.40 


11.5 

10.5-12.9 

1 

Y-Globulin 

11.6 

8.8-15.0 

1.4 

15.9 

12.3-18.9 

1.6 


14.1 

12.7-17.0 

1 

Fibrinogen 

- 

- 

- 

- 

- 

- 

~2-4 

4.0 

2.2-5.8 

1 

Albumin: globulin 











ratio 



— 

1.74 

1.49-2.19 

0.17 

- 

1. 59 

1.32-1.92 

a 


' Rm, G., Das SmmtinifihiU, 2nd ed., Huber, Berne, 1960, page 257. 


Electrophoresis of serum proteins on paper' or cellulose acetate^ 



Paper electrophoresis 
(12 subjects) 

Elcctfophofcsis on ceRuiose acetate 
(40 subjects) 



Relative values 


Absolute values 

Relative values 



(g/100 g total protein) 

(g/1 serum) 

(g/100 g total protein) 


Mean 

Extreme range 


Mean 

95',4 range 

1 

Mean j 95% range 

Total protein 

100 


_ 

75.0 

66-84 

100 

Albumin 

65.2 

58,0-71.9 

4.35 

44.7 

37-52 

59.6 I 52.2-67.0 

Globulins 

34.8 

28.1-42.0 

4.35 



1 

a-GIobulin 

10.9 

8.4-14.2 

2.0 



1 

ori-GIobuIin. . . . 

4.1 

3.1-6.6 

1.14 

2.5 

1-4 

3.5 1 Z.4-4.6 

as-Globuljn, , , , 

6.7 

5.2-9.1 

1.28 

7.5 

5-10 

10.1 1 6.6-13.6 

(3'Globulin 

9.8 

6.1-12.0 

1.64 

9.0 

6-12 1 

11.9 j 9.1-14.7 

Y-Globulin 

14.1 

10.3-18.4 

2.92 

n.i 

6-16 j 

14.8 1 9.0-20.6 

Fibrinogen 

- 

- 

“ 1 

I 

- 1 

i 

Albumin ; globulin 



j 

i 

j 

i 

ratio 

1.92 

1.42-2.59 

0.38 j 


1 

1.48 j 

^ Riva, G., Dat Strumeiu'ttSbiU, 2nd cd., Huber, Berne, 1960, page 257. 




s> Kaslan and Savory, (1965). 




' 


Scrum proteins of men at various ages (g/1)' 



j 

Num- 

ber 

1 1 

1 Total protein 

Albumin j 

a 1 -Globulin 

1 ai-Globulin | 

Mean 

95% 

range 

Mean 

1 

95V. 

range 

Mean 

1 

1 i 

95% j 
range | 

Mean 

95V. 

range j 

18-36 years 

65-92 years 

22 

43 

71.9 

69.3 

62.1-81.7 

58.4-89.2 

1 

! 38.1 
j 32.7 

i 

1 
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Mem 


95% 


Mem 


Y'Glo^tjlin 
) 95% 
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12.5 


ranqc 


\3-17 


9.9 I 6.7-17 
11.3 1 8.7-13.9 ! 13.0 I 6.6-19.4 




Welfare, Bethesda, 1963, page 37. 
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m protein* at various ages (g/1) 
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Blood - Enzymes* 

(For references see pages S88-589) 


Lnzymes arc proteins witli particular catalytic functions. They 
arc identifiable and measurable by their activity, i.c., their ability 
to transform a particular substrate. The greater the rate at which 
tlic substrate is transformed, the higher the activity of the enzyme. 
aM aor discussion of enzyme kinetics see the section on pages 
382-386, in which this and other aspects of enzymes (notably no- 
menclature, specificity and structure) arc dealt with. 

En^pme units. At the present time a large number of enzyme units 
arc in use, a situation that makes it difficult to compare the values 
from difrerent laboratories even when the same method is used. 
Por this reason the International Union of Biochemistry (IUB)» has 
recommended the use of a standard unit (U)’^* defined as follows: 

1 U of any enzyme is that amount which will catalyse the trans- 
formation of 1 ixmol of the substrate per minute under standard 
conditions. 

The usual multiples kU, mU, ixU, etc. ate used. The recom- 
mended standard conditions arc 30 "C (formerly 25 °C) and, if pos- 
sible, optimal pH and substrate concentration. The lUB has also 
defined a number of other quantities in terms of the unit of enzyme: 

Enzyme concentration: U/ml solution 

(U/1 solution, U/kg tissue and U/g tissue 
arc also in use) 

Specific activity: U/mg enzyme preparation 

Molecular activity : U/ pmol enzyme 

Table 1 gives factors for converting some of the units at present 
in use into U/1 (=mUyml) (temperature differences have not been 
allowed for), while Table 2 lists temperature correction factors for 
some important enzymes. 

About 90% of the total cell protein consists of enzymes. The 
various organs and tissues ate equipped with a specific set of en- 
zymes depending on their particular function. The differences be- 
tween these sets of enzymes are mainly of a quantitative nature-^, 
and the function of an organ or tissue derives from its possession of 
an enzyme pattern in which important elements are not single en- 
zymes but ‘constant-proportion’ groups of enzymes •3. The enzymes 
involved in the principal energy-supplying metabolic reactions con- 
stitute a basic pattern that is complemented by other, variable en- 
zymes. Depending on the metabolic type of the tissue concerned, 
the relationship of the latter - for instance lactate dehydrogenase, 
a-glycerophosphate dehydrogenase or the enzymes of the hexosc 
monophosphate cycle - to the basic metabolic pattern is very vari- 
able. 'Ilieir activity may differ by several orders of magnitude from 
one organ to another. 

The variable enzymes of organs, especially the parenchymatous 
organs, naturally include all those Aat are carriers of specific organ 
properties. With some of these the differences in activity from organ 
to organ are so large that the description of ‘organ-specific’ or 
‘tissue-specific’ enzyme is justified, examples being the ‘liver en- 
zymes’ iditol dehydrogenase and kctose-1 -phosphate aldolase and 
the ‘muscle enzyme’ creatine kinase. With the aid of these enzymes 
and the differing relationships between the ubiquitous metabolic 
enzymes it is possible to recognize the enzyme pattern peculiar to 
an organ from a very small part of it; this may be as little as 3-4 en- 
zymes if these are suitably chosen ■*. 

‘Isozyme’s (or ‘isoenzyme’) is the term given to enzymes having 
the same catalytic function but different structures and therefore 
different properties®. The fact that the proportions of the total 
activity of an enzyme attributable to its various isoenzymes differ 
markedly from one organ to another presents a further means of 
distinguishing between the enzymatic equipment of different or- 
gans. The best-known example is provided by the enzyme lactate 
dehydrogenase’’, whose isozyme distribution in the heart differs 
considerably from that in the liver. A large number of enzymes arc 


Table 1 Conversion factors for some enzyme units 

To convert from the unit given to the standard unit (U/1 
by the factor. The normal ranges given in the literature Co 
differ according to the method of measurement used (indc 
of the unit chosen). 


Unit given 

Conversic 

f. NADjNADP-depeuJcnt reactions* 

1 

! 

i 

Method of BDcher’®’ 
25'’C,E3?j'„o/100sXlml 

18.3 

Method of Karmen and Wr6blewski"’^ 

23 °C, E5?o5i/1 min X 3 ml 

0.4 

Method of Ameeung and Horn'®’ 

25 °C, 1 pmol/1 hx 1 ml 

16.7 

Method ofHoLZER and Geriach'®® 

24 °C, EJfo'oi/l min x 3 ml 

0.9 

2. Fructosediphosphate aldolase 


Method of Bruns '®'' 

37 "C, 1 pi fructosc-l,6-diphosphatc 
solution/1 h X 1 mi 

0.61 

Method of Sibeey and Lehninger ’®® 

38 °C, 1 pi fructose solution/30 min 

X 0.04 ml 

0.74 

Method of SCHAPIRA ’®® 

37 °C, 1 mg triosephosphate-P/l min 

X 1000 ml 

16.00 

3. Alkaline phosphatase 


King-Armstro.ng method ’®®- '®® 

37.5 °C, 1 mg phcnol/lS minx 100 ml . . 

7.1 

Method of Shinowara’®® 

37 ’C, 1 mg P/1 h X 100 ml 

5.4 

Bessev-Lowry method (also for acid phos- 
phatase)'-'® 

38 °C, 1 mmol /i-nitrophcnol/l h 

X 1000 ml 

16,7 

Method of Bodanskt (also for acid phos- | 
ph.atase)'-" i 

37.5 ‘’C, 1 mg P/1 hx 100 ml ' 

5,4 

•/. Acid phosphatase 


King-Armstrong method ’®® 

37.5 °C, 1 mg phcnoI/1 h x 100 ml i 

1.8 

5. Amylase ( diastase) 


Method of Somogyi'-'® [ 

37 ‘’C, 5 mg starch/lS min X 100 ml . , . . 

20,6 

Method of Wohlge.mutu’-'® 

38 "C, 1 mg starch/30 min x I ml ' 

206.0 


• The units of activity arc expressed as the decrease (subscript) in optic 
density (or extinction, E) at the given wave length (superscript) over ti 
given time and light path. 


• The data on pages 584-600 have been compiled m con)unctton wth 
SriiiitDT and F.W. Schmidt, Gastroenterological Department, Medical 
nic Mcdizinische Hochschule. Hannover. The enaymes are referred to 
roughout by the trivial names recommended by the 

Q of the International Union of Biochemistry (see page 385) In paniim- 
■ the trivial names aspartate aminotransferase for the former glutamatc- 
atotate tlsaminase and alanme aminotransferase for the former gluta- 

ite-p^wte The International Union of 

» Also^ojynastheln^nattonaJ^U^^^i^^^^ Federation for Clinical 

mbol cat) defined as l,ieh catalyses as many cycles per 


known to possess isozymes, among them mal.itc dehydrogcn.asc 
asp.trtatc ammotransferase® '®, isocitratc dehydrogenase’ ", i 
cosc-6-phosphatc dehydrogenase", glyccrophosph.ttc dchvi 
genasc", phosphopyruvatc hydnitasc'-, Icucinaminopcptid.isi 
alkaline phosphatase acid phosphatase'-' ", cholincstcrast 
ribonudease'®. ' phosphogUiconarc 

hydrogcn.isc«, ' kin.isc --, phosphoc 

comutasc and .amylase--'. 

Within the cell the enz}-mcs arc located in various comp irtmc: 
mmely the cytoplasm, mitochondria, lyso'omcs, microsomes t 
nucleus, and ate classified into types I and 11. Type I enzymes 
easily extractable and probably only loosely bound to the hya 
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Tath 2 CocfKtionfi«ofsfofconTeKionof»ctWityTalutt«o25*C 



increased release of enaytnes during muscular uork is more irn* 
portaot*^. 

Phyaiological variations In enzyme activity (see also the mam 
table on pages 590^00) 

The concentrations of the various enzymes m the body fluids 
have lognormal rather than normal distributions: for this reason 
the data in the mam table do not include the usual 95% range eal- 
cubted from the mean and standard deviation. 



itansfeMsc” and creatine kinase”. For almost all the diagnosti- 
cally useful enzymes, however, men and women can be assumed to 
havethe same flotmai limits” 

Jiftfmti. Many enzymes have higher serum values ia the 
imtnedute postnatal period and early infancy In the 2nd to 3td 


age**, though these are probably a result of the increased incidence 
of sv^linieal ailments 

DmIji tartaiiMi Data on diuroal changes in serum enzyme levels 
areeonfliciing nuewaiionsofupte>40% (thoughwithverywide 
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Tnbh ‘f Enxynic concentration gradients^ 



SJfcictaJ 

ruusclc/ 

scrum 

Liver/ 

serum 

Fructosediphosphate aldolase , . 

21 800:1 

2700:1 

Pyruv.ite kin.asc 

6200:1 

1400:1 

I-actatc dehydrogenase 

1400:1 

1400:1 

M.ilatc dehydrogenase 

2000:1 

2600:1 

Aspartate aminotransferase 

5700:1 

9000:1 

Alanine aminotransferase 

750:1 

7600:1 


variance in the values) between maximum nocturnal and minimum 
noon levels have been reported as well as marked constancy 
throughout the day^®. 

Muscular s'ar^. Heavy muscular work causes a marked rise in 
scrum enzyme activities. In untrained test subjects, long-continued 
work resulted in considerable increases in the levels of aspartate 
aminotransferase, alanine aminotransferase, lactate dehydrogenase, 
fructosediphosphate aldolase, malate dehydrogenase, pyruvate ki- 
nase and creatine kinase last-named enzyme being 

markedly sensitive even to quite mild physical exertion Al- 
kaline and acid phosphatases, as well as amylase, show no changc^^. 

Pregnancy, During uneventful pregnancy the scrum activities of 
m.any enzymes - for instance aspartate aminotransferase, alanine 
aminotransferase, fructosediphosphate aldolase, isocitrate dehydro- 
genase, malate dehydrogenase and a-hydroxybutyrate dehydroge- 
nase-remain within the normal range There have been reports 

of irregular increases in aspartate aminotransferase''^, creatine ki- 
nase ■♦s and especially lactate dehydrogenase ■'7- *' during the last 
weeks of gestation, but these have not been confirmed by other 
workers 

A number of hydrolytically active enzymes (alkaline phospha- 
tase leucine aminopeptidase®®-®^, oxytocinase®®, fi-glu- 

curonidase ®®- ®®) as well as histaminase®^ show increases up to many 
times the normal serum value during pregnancy, with a subsequent 
return to normal in a few days post partum. 

Serum enzyme activities 


aspartate aminotransferase, alanine aminotransferase and lai 
hydrogenasc remain unchanged by bilateral nephrectomy’ 
patcctomy or by splenectomy®®- The reticuloend 
system may play an important part in enzyme elimination £ 
blood®®. 

Diagnostic use of encymes 

Maintenance of the normal difference between the enzyti 
centrations in the cells and scrum is a process closely linkee 
energy metabolism of the cell. Impairment of energy produ 
as in injury to the cell - results in movement of enzymes oui 
cell ®®. ®o. 09^ (},£ fate depending on the concentration gradici 
lecuiar weight and location of the particular enzyme. The r 
importance of these factors varies with the severity of the in 
the ceil. When it is acute and severe - as in cardiac infarctioi 
enzyme pattern of the organ appears in the serum, whereas 
acute and less severe injury the increase in serum enzyme a 
is mainly accounted for by the readily extractable cytoplasn 
zymes ; in the latter case the characteristic enzyme pattern i: 
effaced as a result of the different rates at which the enzym 
eliminated 

The extent to which the scrum enzyme activity increases n 
the severity and scope of the cell injury®’'-®®-^®. The seat i 
disease can be established by identifying the typical enzyme p 
of the organ in the serum, or by determining ‘organ-specifi 
zymes or tissue-specific isozyme distributions 
Of the many enzymes present in the scrum only a few have pi 
to be of lasting diagnostic value. In order of practical impot 
these are: aspartate aminotransferase, alanine aminotransfeta; 
kalinc phosphatase, acid phosphatase, amylase, creatine ki 
glutamate dehydrogenase, lactate dehydrogenase (and its isozy 
iditol dehydrogenase and fructosediphosphate aldolase. En 
determinations now play an indispensable part in the diagno 
liver, heart, muscle and pancreatic diseases. 

1. Liver disease. In acute hepatitis there is an increase in most c 
serum enzymes so far studied®®. Aspartate aminotransferase a 
ity rises 10-150 times, that of alanine aminotransferase 20 
times. The increase in alkaline phosphatase activity is comparati 
small and teflects the accompanying biliary obstruction®®. T 
is a decrease in the plasma cholinesterase activity otigituting it 
liver®®. The increase in enzyme activity precedes the rise in 
bilirubin concentration and thus allows diagnosis of hepatit; 
anicteric patients®®. The course of the disease can readily be 
lowed with the aid of enzyme determinations, an tiggravatioi 


Most of the diagnostically useful enzymes except those concerned 
in blood coagulation ate best determined in the serum since in the 
plasma their activity may be inhibited by the presence of added 
citrate, oxalate, heparin, fluoride, etc.®®. Even slight haemolysis 
interferes with the determination of the enzymes present at high 
activities in the erythrocytes, such as lactate dehydrogenase, glu- 
cose-6-phosphate dehydrogenase, phosphogluconate dehydroge- 
nase, fructosediphosphate aldolase, arginase, etc., but it can be tol- 
erated in the case of enzymes whose scrum and erythrocyte concen- 
trations differ by much less, such as aspartate aminotransferase, 
alanine aminotransferase, glutamate dehydrogenase, kctose-l-phos- 
phatc aldolase, etc. 

In general, determinations should be carried out immediately 
after collection of the serum sample since enzymes may be unstable 
in the scrum. Most of the diagnostically useful enzymes, however, 
show little change in activity during the first 24 hours if the serum 
is kept at -h 4 °C or even room temperature®®-®''. Exceptions arc 
glucose-6-phosphatase, glucosc-6-phosphatc dehydrogenase, phos- 
phogluconate dehydrogenase and creatine kinase®®. For methods 
of enzyme determination see the literature®®-®®. 

Elimination of encymesfrom the strum 

The serum levels of enzymes normally remain fairly constant. In- 
iection of enzymes into the blood is followed by a rapid tatamto 
normal values®®'®®. The reduction takes place in two phases®' 
a faster phase of distribution over the whole intercellular space and 
a slower one of actual elimination. The haif-livcs in human 
so far known only approximately, of various cnz)-mes are 
aspartate aminotransferase 46-58 hours alanine aminotransferase 
62k88 hours, lactate dehydrogenase ca. 52 hours. 


relapse always being manifested by a renewed rise in the strum 
zyme levels®®. Failure of the aminotransferase activities to tci 
to notroal in spite of apparent clinical healing is an indication 
hepatitis persists in a subchronic form®®. 

A smaller rise in scrum aminotransferase activities (2-8 tii 
the normal) occurs in active chronic hepatitis and cirrhosis oj 
iiverso.rs-ot ^ jn cases of long standing the aspartate aminotn 
ferase level is usually higher than the alanine aminotransferase Ic 
with a fairly marked rise in glutamate dehydrogenase activit) 
These enzyme changes are quite distinct from those seen in ac 
hepatitis and arc characteristic of the necrotic type of cell injury 
Any aggravation of the disease, whether marked by jaunc 
or not, results in an immediate rise in serum enzyme acti 
ties®®- ®®- *'• e®. In protracted hepatic coma a fall in aminotransfer 
activity must be regarded as an unfavourable sign®’-®®'®®; otl 
enzy'mes - lactate dehydrogenase, malate dehydrogenase, keto 
1-phosphate aldolase, etc. - show large increases in activity'®' 
In the terminal stages of cirrhosis of the liver with ascites the ovei 
enzyme activity shows little pathological change; the aspair. 
aminotransferase activity is always higher than the alanine amir 
transferase activity, however, while glutamate dehydrogenase c 
often be detected. These very small increases in aminotransfer: 
activity enable the terminal stages to be distinguished from the s 
called ‘early’ ascites accompanying acute aggravations of the d 
case, in which aminotransferase activity is very markedly incrc.as- 
owing to the severe injury to the cells ®®. 

In ttdipohtpalie liver there arc merely slight changes in scrum ct 
zyme activities. Marked increases arc seen only in very severe fat 
degeneration or in the presence of secondary inflammation ■’®' ® 
E-xtremcly high increases - up to 10 000 U/i for aspartate and al.imt 
aminotransferases and I.ictatc dehydrogenase - o^ir in acute ps 
soning, especially with organic solvents ®''' ®®. A rise in scrum ci 
zyme act'iviuts following acute alcohcl intoxication is seen only i 
alcoholics and cannot be produced experimentally in healthy pe 
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Ptimary carcinoma of the lutr in the pr esence of etrihosie of the 
liver IS not marked by any further change in the serum enzyme pat* 
tern*' •• In carcinoma/oui mctastaitt of Cht hit' there is a moderate 
overall increase in enzyme activity, m ith higher aspartate amino- 
transferase than alanine aminotransferase activity’* and adia- 
tinct increase in glutamate dehydrogenase activity’*, while lactate 
dehydrogenase leveUoftenexceed500U/l’* High alkaline phos- 
phatase values are often also found in the absence of jaundice** *’, 
In obitmeiivt jannJici, diagnostic criteria are ihe markedly lower 
Increase in aminotransferase activities compared to acute hepatl- 
tis4>>*i.>a and the rise in alkaline phosphatase** and leucine 
aminopepiidase** ** activities, Quite often, houever.particulafly 
following biliary colic, there ate tisei in aminotransferase activity 
like those seen in the milder forms of acute hepatitis** *• “.An- 
other feature often seen is absence of any corresponding {nctcase in 
alkaline phosphatase activity. The diagnosis can be sriengthenedby 
measuring the ratio (aspartate aminotransferase ■+ abnine amino- 
iransfetase)/glutamaiedebydcogenase*’; in inHammaiory icteric liv- 
er disease this is over 30, in obstructive jaundice teas than 15 

2. Hear! Jiieaie. A rise in serum enzyme activity is a constant 
(95-100% of patients) and reliable sign of cardiac ufarchon** **. 
%'hen Injury to the cells is acute and short-lived the timely measure- 
ment of enzyme activities is particularly important’*. 

The teUiively small rnass of muscle damaged in cardiac infarct ion 
means that the increase in enzyme activity is markedly lesa than m 
acute (iver disease In general, the crcaime kiruse and aspartate 
aminotransferase activities reach values 10 limes the norma), the 
lactate dehydrogenase and fructosediphosphate aldolase aciivities 
values 3-6 rimes the normal’* ’*. The clear correlation between 
the Size of the infarct and the level of serum enzyme activity ob- 



• f liv r . I . ' < 1 s I eri e > « 

rise in enzyme activity’*. Inc enzyme pattern in me serum re- 
lembtei that in the myocardium, namely higher aipaecaie tmino- 


TMo S Serum enzyme activities following cardiac infarction’ 



Stitt* 

^ours) 

Mialiruim 

(hours) 

Return 

sr(tt(di 

Oeatine kiruse 

2-4 

24-36 

3-6 

Aspartate aminotransferase . . 

4-6 

24-48 

4-7 

Lactate d^ydrogenase 

8-10 

48-72 

8-9 

Lactate dehydrogetuae 
isozymes 1 and 2 

8-10 

24-92 

lo-i: 

Fructosedij^osphate aldolase 

4-6 

24-48 

2-9 


J, Aftcccnlar dinaie After severe mute alar injury there is a slight i 
particularly in those enzymes with a high activity In muscle, mm 
creatine kiruse, aspartate aminotransferase and fructosediph 
phaie aldoUse. Very marked increases in activity are observed 
miw/er^r/n'P^/.especullyofthe DuciiENNRtype'®**”*;in otl 
typea the rise Is distinctly imaller and more irregular'**-' 1 
caicnt of the increase in eruyme activity depends on the severity 


An increase in serum enzyme activities is also lecn in chrome po 
myoiiin’i* "* jn dyi/rtphiamyolenica’ '*•”*'"* and in derma 
m^ii/ii; in she latter disraar, Jarrare Jthydrogenate end gjucoi 
phosphate isomeraie ate eipeclally prominent, and the aminotrar 
feraK activity may reach <OCl-COO U/1”’, 


In aniinapeeiorii, serum enzyme activities remain unchanged’*’. 
If (he lyirpcomt are severe and an increase in enzyme aoivity is 
observed, there is a high ptohibility that infarction ha* occurr^ 
even though the typical CCG changes are nor recorded’*’ 
Qunges in serum enzyme activity are also issociarrd with rare- 
ous types of lathtfardia of frequency eaeeedmg 160/inin** and 
are due to congestion of the liver 
Pulmnnary imMiim can be distinguished from cardiac mfarciion 


iscic and are indicative merely of primary or secondary invols 
mentofihelivtt** ”*. ' 

\c\a<i,up^irtaiiiijihe srnirfi unylue end I/pare aettviriei start 
rise Within 3-6 hours and attain a maaimum after 2(>-30 hours I 
cresKd Ktiviries are still observed after 48-72 hours, afrev wh„ 



588 


Blood - Enzymes 


hjclfo^cfi.isc, have not been fulfilled. Tlic frcc|ucncy with which 
.an increased lactate dehydrogenase activity occurs in patients with 
tumours varies between 40% and 9Q%'Js. The values for this cn- 
xyme, among 26 whose activities in the serum of patients with 
tumours of very different kinds were studied, proved to be the most 
regular in their bchaviour'Jo. They constitute no reliable index, 
however, Since nn increase in the lactate dehydrogenase activity is 
not a constant observation even when tumours arc widely dis- 
seminated; it is also n feature of a great many other diseases. 

The diatactcristiccnxymc pattern seen in carcinomatous metns- 
tascs of the liver has already been mentioned. 

Apart from the diseases mentioned in this chapter, there arc many 
others in which scrum enzyme determinations can play a valuable 
role in the diagnosis and in following the course of the disease. 
'Hiis is particularly so when measurements arc made not on a sitjg/e 
enzyme but on a selected group of two, three or more enzymes 
whose relationship to the other symptoms of the disease has been 
established^^. 
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Blood - Enzymes 

Normal values in U/1 plasma or scrum of adults unless otherwise stated (for definition of the unit U see page 584) 


KC number 

Systematic name 




95% range 
(extreme rang 
in brackets) 




Rccommcndctl trivial name 
la brackets; abbreviation and 
non-tccommendcd trivial name 

Nfcihod 

Nuit 

her 

' Mean 

:c / 

Refe 

cnc< 

T~ Remarks 

: (see also text on pages 584- 

1.1. 1.1 

Alcohol : NADoxidorcductase 
Alcohol tlchj’drogcnase 
(ADH) 

Opticil’, modified, 25 "C ... 

7 

1.8 



2 

Slight haemolysis docs not 
fere. Clinical importance sn 
to now^. Markedly increased 







rum in acute hepatitis and 
acute liver disease of a seve 


1.1. 1.8 







ture^' 

i..Glyccrol-3-phosphatc: 

Optical-', modified, 25 °C . . . 

19 

2.7 

(1.6-6.6) 


2.S 

Slight haemolysis does not 

NAD oxidorcductasc 






fere. Increased in serum in 

Glycerophosphate 

dehydrogenase 







hepatitis and severe liver dis 

(GDH) 








1.1.1.14 

L-lditol:NAD oxido- 

Optical®, modified, 24 °C ... 

16 

0.9 



7 

Owing to the love activity < 

reductase 

Optical modified, 25 “C . . . 

12 

1.1 



5 

enzyme in the erythrocytes 

L-Iditol dehydrogenase 

Optical modified, 25 °C 

91 

0.06 

(0-0.4) 

0.1 

3 

haemoh'sis does not interfen 
tivityhigh in liver only. A rise 

(Sorbitol dehydrogenase 
[SDH]) 

Optical modified, 37 °C ... 
OpticaH, modified, 25 °C 

32 

0.08 

(0-0.6) 


9 

serum activity is fairly spccil 
liver damage^* 


Adults 



0-3.0 


to 



Coed blood 



0-4.5 


10 



Children 



0-6.0 


to 


1.1.1.27 

L-lnctate-. NAD oxido- ’ 

Optical”, modified. 







reductase 

24-27 °C 

161 

225 

(120-419) 

i 

12 

Owing to the high activity o 

Lactate dehydrogenase 

Optical'®, modified, 25 “C. . . 

130 


(125-379) 

1 


enzyme in the erythrocytes 
slight h3emol>*sis results in ' 

(LDH) 

Optical”, modified, 25 °C. . . 

180 

88 

(36-130) 


s 

high serum values. Present 

Optical”, modified, room 

107 

71 


6.2 


organs at high activit)*, so 
increase in the serum aciivir 


temperature 


rs 

lows severe organic injury o 


Optical”, modified, 25 "C. . . 



(30-120) 


ie 

kind. 5 isoz>Tnes have been i< 
fied in organs and scrum. Det 


Colorimetric (2,4-diphcnyI- 



(70-240) 


16 

nation of toe.il lactate dchyd 


hydrazine), 37 °C 




nasc activit)* is clinically use! 


Optical”, modified, 25 'C. . . 

209 

100 


22 

8 

diagnosis of cardiac infarctio 
difTerential di.tgnosis of an: 


Optical”, modified, 25 "C. . . 

175 

144 


28.8 


(highest i*alucs in pernicious 


Optical”, modified, 25 °C 




45 

10 

mi.a) and to some extent in 
disease; for further dtscussioi 



100 

140 


the literature*^. For normal v 


Cord blood 

29 

306 


118 

10 

of the isozyme distribution 
JoRDVN and WjuTx*^®. 


1 month 

6 

306 


89 



2-3 months 

13 

221 


44 

10 



4—6 months 

12 

217 


41 

to 



6-12 months 

14 

197 


44 

10 



2 years 

12 

230 


57 

10 



2-1 6 years 

Optical”, modified, 25 'C 

24 

145 


45 

18 



Cord blood 

Optical”, modified, 25 ”C 

202 


(87-580) 



19 


Premature infants 

25 

126 

i 




Newborn 

19 

114 


61 

19 




36 

49 


27 

19 



Children 

38 i 

42 

i 

12 

19 
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Normal values in U/1 plasma or serum of adults unless otherwise stated (for definition of the unit U see page 584} 


I 


(a-Hydroxybutytate dehydro- 
genase] 

(HBDH) 


1.1.1 37 

L-Milate NAD ozido* 
reductase 

Malate dehydrogenaie 
(MDH) 


1 1.1.38(40) 
i>MaUte NAD(P} oiido> 
reductase (decstboxylating) 
Mslaie dehydrogenaie 
(deearbosyUilflg) 

CMalic' eniyme) 


1.1.1 42 

/Wot-Iiocitrate.NADP 
osidoreductase (decatbozyl- 
ating) 

Iiociirate dehydrogenase 

aCDH) 


l.l 1 44 

fr-Phospho-D-gluconate 
NADP otidoreduciase 
(decafboxyUting) 
Phoaphogluconate 

dehydrogenase 

(decarbozyUtlng) 

(PGDH) 


OptieaP’ ”, 25*C 
Optical*' **, 2S*C 
Optical*'-**, 25 ’C 
Optical*' ”, 2S'’C 
Adults . ....... 

Cord blood . . 


Optical**, modified, 25 ‘C .. 
Optical*', modified. 25 •€ . 
Optial**, modified, 25 *0 . 
C^tieal**, modified, 25 ‘C 

Adults 

Cord blood 


Optical*', 25 *C 
Optical**, room temperatuce 
Optical*', modified. 25 'C 

Cotd blood . 


Optical", 25 'C 
Optical**, modified, 25 ’C 


1110(1960) 


(125-50) 
(93 4-265) 


(0 86-4 8) 
(096-19) 


Not io Itself iQ enryme but dcriTct 
from ibe lunple metbod of deter* 
muung the electrophoreiKsUy feii- 
miftiting isorymes of Isctite de- 
hydrogeoase*' These are present 
at high ictiTity mhesn muscle and 
brim and oxidise hydrozybutyrice 
to i much greeter extent then the 
isosymes mainly present in skeletal 
musdeandlieer For practical pur- 
posei the ratio LDH/HSDH equals 
Ibe ratio toiil LDH isorymes/beirt. 
muscle apec-ficLDHisciaymci. nor- 
mal nliie in 42adu]ti**l 40,ml55 
aduitt" 1 31 


Oving CO the high actiTicy of this 
eniyme in the esythtocytei eeen 
slight haemolysis results in 'falae' 
high scrum Tsiues In the seonati! 
period the upper limit of ihe normal 
may be up toW U/1** 

Diagnos lie imponanw so 7sf slight 
Present in ill organs it high lenv 
iry, so tbit in incmsie in the serum 
leiiTiiy foUews «»«« Ofginie in. 
jury oisnykind, for initincinrdise 
infaretion. !i»e* dsmige, blood 
djseise For «»«»*•*« ‘^‘1“*'*' 
nire** 


fere In cord biooi the > 

much higher tbsn in 

adult. 

other studies*' showed I t^ 
f,renee The serum tctm? ww?"* 


lbs/*”-"- 

eodbio^r»“ 




hs deteminsoon 


(1959) 


41,69 (1964) 
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Normal values in U/1 plasma or scrum of adults unless otherwise stated (for definition of the unit U see page S84) 


EC number 

Systematic name 




95% langt 
(extreme ran 
i'n brackets^ 

— 



Uccommcnilcd trivial name 
In brackets: abbreviation and 
non-tecommended trivial name 

Method 

Nur 

bci 

' Mean 

5e ’ 

Ref 

CfIC 

■r- Remarks 

c (see aiso text on pages £ 

1.1. 1.1 

Alcohol 1 NAD oxidorccluctasc 
Alcohol dehydrogenase 

optical', modified, 25 "C . . . 

7 

1.8 



2 

Slight haemolysis docs : 
fere. Oinical importance 

(ADH) 







to now. Markedly incrca 







rum in acute hepatitis ; 
acute liver disease of a « 

1.1. 1.8 







turc^' 

t.-Glycerol-3-phosplhitc; 
NAD oxidorcductase 

OpticaH, modified, 25 °C . . . 

19 

2.7 

(1. 6-6.6) 


2.S 

Slight haemolysis docs i 
fere. Increased in serum 

Glycerophosphate 

dehydrogenase 







hepatitis and severe liver 

(GDH) 








1.1.1.14 








L'lditohNAD oxido- 
rcductasc 

Optical®, modified, 24 °C ... 

16 

0.9 



7 

Ott'ing to the low activi 

Optical R, modified, 25 "C ... 

12 

1.1 



S 

enzyme m the crythrocy 

v-Idito! dehydrogenase 

(Sorbitol dehydrogenase 
[SDH]) 

OpticaH, modified, 25 °C . . . 
Optical’, modified, 37 “C ... 
Optical’, modified, 25 °C 

91 

32 

0.06 

0.08 

(0-0.4) 

(0-0.6) 

0.1 

8 

9 

haemolysis docs not intei 
tivity high in Uver only. A 
scrum activity is fairly sp 
liver damage^' 


Adults 



0-3.0 


70 



Cord blood 



0-4.5 


TO 



Children 



0-6.0 


70 


1.1.1.27 

L-Lactatc: NAD oxido- 

Optical", modified. 







reductase 

24-27 °C 

161 

225 

(120-419) 


72 

Owing to the high activii 

Lactate dehydrogenase 
(LDH) 

Optical"’, modified, 25 °C. . . 
Optical", modified, 25 “C. . . 

130 

180 

88 

(125-379) 

(36-130) 


74 

5 

enzyme in the crythrocy 
slight haemolysis results 
high scrum values. Prese 


Optical", modified, room 






organs at high activity, si 


temperature 

107 

71 


6.2 

T5 

increase in the serum act 
lov.'s severe organic mjut 


Optical", modified, 25 'C. . . 



(30-120) 


7$ 

kind. 5 isozymes have bee 


Colorimetric (2,4-diphenyl- 



(70-240) 



ded in organs and scrum. 


hydrazine), 37 ‘’C 




78 

nasc activity is clinically 


Optical", modified, 25 °C. . . 

209 

100 


22 

8 

diagnosis of cardiac mftr 
differential diagnosis of 
(highest values in pcrnicic 


Optical’ ', modified, 25 "C. . . 
Optical", modified, 25 °C 

175 

144 


28.8 

77 

mia) and to some extent 
disease; for further discui 
the literature^®. For norm 


Adults 

100 

140 


45 

70 


Cord blood 

29 

306 


118 

10 

of the isozyme distribu' 
Jordan and White*®**. 


1 month 

6 

306 


89 

to 


2-3 months 

13 

221 


44 

to 



4-6 months 

12 

217 


41 

10 



6-12 months 

14 

197 


44 

10 




12 

230 


57 

to 



2-16 years 

Optical", modified, 25 "C 

24 

145 


45 

ro 



Cord blood 

202 


(87-580) 


18 



Optical”, modified, 25 °C 








Premature infants 

25 

126 



t9 



Newborn 

19 

114 

1 

61 

19 



Infants 

36 

49 

1 

1 

27 

19 



Children 

38 

42 

1 

12 

19 



f Negelein and Wulff, Bhchm.Z.,1Vi, 351 (1531). 

2 Schmidt ct al., Klin, 36, 280 (1958). 

3 '^oi.vsOUet!il.,y4n'i.My.y4eaJ.Sri., 75, 260 (1958/59). 

•* BOcheR. X, in Colowick and Kaflan (Eds.). Mtthds w &vgmoha, vol.l. 
AM.J|^rnilc Press NcvT York, 1955, page 415. . . .j 

5 SCHMiDTetal., inBERCMETCK, H.-U. (Ed ) 

ha Vetlag Chctnic, Wemhcim/Bergsu., 1962, page 703, 
s HoLzer ct al.. Bmhm.Z; 326, «] (1 955). 
.KcH,U.>//«.r«<r.,37.93 (^ 

« Feissli ct al., Klin. Wuhr., A4 , 390 (i966). 

3 WOST and SchSn, KI'"- ^Tfchr., 52) 

<0 Gautier ctal..He/F..^/dM/.vdtW.17, 415 (19 ). 

fi Kubowitz and Oir, Bmhm.Z., 31-!, 94 (1943). 


\C'r<1bi.ewski and LaDue, Proc^Soc.ocp.Bial. ( N. 1'.^, 90, 210 (1951 
STfiONtiNGER and Lo\VHT,/.f/o/.OrrT., 213, 635 (1955). 

Hsij:k and 23t.t;MENTH<L, Prsic,Sce.<xp.Bhl.fX. J'A 91, 626 (1956 
ENOi.H‘^RDT-G(5LKtLCt al., Kht. D'VMr., 36, 462 (1958). 

Kts’C, J., Practical Ch*tha} Van Nostrand, London, 19( 

Scunfider, ct al., 4M'f4/.A//«,,60, 6 (1965). 

Haug and KlGcf, AV/'t. 43, 680 (1965). 

Stave, V.,Z.Kiriitrhei!k.,S\,All (1958). 

Wilkinson, J. H., Anlntrct^iucfi'c-: to Dia^rotttc A^rnofd.I 

1962; He,ss, D., Thicmc, Sfuttjr'tt. 1*^^^ 

i,unG,D.» F(rrKntdi<3^n.->stih tnierrer Erk^'a^ku’^ptn, Thicrnr, Stt;t?ga! 
Jori>an and White, Clin.chi’^.Acu^ 15, 457 (1967). 
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ECnumbet 
Syiismaticfume 
Recommeoded uivUI tiame 
Inbtickeis (bbreTiationsad 
noo-tecomji'ended tiiTial name 


Method 


iNum- 

bet 


Mean 


95/4 rsflfe 
(tstictTie Tinge 
in bcickett) 




Rcmarki 

ie*i on page* 584*588) 


(*-Hydroxybutynte dehydfo- 
genase) ! 

(HBDH) 


Optical*’-*^, 25 *C 
Opiicalf”, 25 'C 
Optical*' **.25*C 
Optical*' **.25*C 

Adults 

Cord blood . . . . . 


42 

175 

100 


90 


77 


152 76 

IS 211 


I 38 
23.5 
36 

I 30 
I 164 


Mot In Itself an enzyme but dcTiTci 
from (he aimple method of deter- 

mining the clecirophoreticalj^ fait- 

migratmg iiozymea of lactate de- 
hydtogentae*'. These ire present 
at high letieity mheirt muscle end 
brain and oxidize bydrozybutyrace 

isozymes mainly presenr ui skeletal 
muscle and liTcr For practical put- 
poiei the rstio LOH/luDH equals 
the raiio total LOM laozyme s/heart- 
muscle speOfieLOH laozymci, nor- 
mal value lA 42 adults** 1.40, in 155 
adults’* 1 34 


1.1.1.37 

t-Malate*NAD oxido- 
ceductase 

^lala(e dcbydroseriaie 

(MDH) 


Optica!**, modified, 25 *C 
Optical**, modified, 25 *C 
Optical**, modified, 25 ‘C 
Opfieii**, modified, 25 *C 
Adults 
Cord blood 


28 

107 

88 


37.9 

235 


202 


(12 5-50) 
(93.4-26$) 


1.1 1 J8 (40) 

L-Milate NAD(P} osido* 
icduciase (decaebotyliting) 
Milatf tithydtfigtaitt 
(dceacbovyUilttc) 

CMalie’ enzyme) 


1 1 1 42 

/4rr»o,.Isoei(ra(e NADP 
oaidnttductite (decatbosyl- 
ating) 

Iiocllrate dehydrogenate 

(ICDH) 


Optical**, 25 *C 


j Opitrtl*',2S‘C 
' Optical**, toomumpetatuie 
Optical**, modified, 25 *C 
I Adults 
! Cord blood 


30 


44 

38 


13 

30 


(0-0 5) 


2.0 (086-4 8) 

13 ((096-1.9) 


35 

3.7 


(10-7 3) 


26 


Oving in the high actlTity of this 
enzyme (n the erythrocyiei even 
slight htemolyiii rcsulta m 'filse' 
high serum rslues In the neonzeat 
period the upper liRtirof the Rormtl 
may be up to 100 U/1**. 

Diagnoiiie imper isnet so fit slight 
Present in ell orgaos at high activ- 
ity, so that an IncKtse In the serum 
aciivlry follows severe organic tn^ 
jury ofany kind, for instanee cardiac 
In/areiion, liver damage, bto^ 
diseise For reviews see the literi- 
ture**. 


Slight haemolysis doei not Inter- 
fere In cord blood the aetivuy n 
much higher than In the blood of 
adults but falls within 10 daya>*, 
other studies** showed little dif- 
ference Theaerumicimty Increases 
in Uvet damage*. In cetdwe Infarc- 
tion It la either unchanged** or 
shows only a slight and transient 


M 1 44 

b-Phospho-o-gluconatc 

NADP ovidoteductase 

(decarboavUting) 

^kioapktogluctjriane 

dehydrogenase 

(decatboxylaung) 

(PGDH) 


, Optical*', 25 *C 
Optical **, modified, 25 *C 


Owing to the high activity of this 
iiuyme in »he erychroeytee even 
slight hsemolysis results m 'false' 
high •serum vsVots The serum ac- 
tivity 11 normal during pregnancy. 
In cord blood rather higher than in 
the blood of aduica Piagnottie im- 
portance so fit small The activity 
uveteates In acute hepatitis*. * and 

blood disease**. Its determination 
in vagtnil fluid has been suggested 
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Blood - Enzymes 
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EC number 
Systematic name 
necommended itivinl name 
In lirackcts: abbreviation and 
non-tecommended trivial name 


D-Ghicosc-6-phosphatc : 
NADP oxidotcductasc 
Glucose-6-phosphntc 
dehydrogenase 
(G-6-PDH) 

(‘Zwischcnfcrment’ [ZF]) 


1.2.1.12 

D-Glyccr,ildchydc-3'phos- 
pViatctNAD oxidotcductasc 
(phosphorylating) 
Glyccraldehydc- 
phosphatc dehydrogenase 
Triosephosphate 
dehydrogenase 
(GAPDH) 


1.2.3,2 

Xanthine: oxygen oxido- 
tcductasc 

Xanthine oxidase 
(Hypox.'mthinc oxidase) 


1.3.99.1 

Succinate: (acceptor) oxido- 
teduaase 

Succinate dehydrogenase 


1.4.1. 3 

c-Glutamatc; NAD(P) 
oxidoreductase (dcaminating) 
Glutamate dehydrogenase 
(GLDH) 


1.6. 4.2 

Reduccd-N AD (P) : oxidized- 
glutathionc oxidoreductase 
Glutathione reductase 

(GR) 


Method 


Num- 

ber 


Mcaa 


9514 range 
(extreme range 
in brackets) 


Optic.ll 8®, room tempemture 

67 

1.4 

Optic.-!!®®, modified, 25 °C . . 

18 

1.0 

Optiail®®, modified, 25 °C . . 

38 

0.24 


Optical modified, 25 °C 


Substrate: S-'^C-xanthinc'*'', 
25 °C 


Optical 


Optical®, modified, 25 "C ... 
Optical®, modified, 25 °C ... 
Optical (Boehringcr), 25 “C . 


20 


20 


7.1 


(0.5-2.4) 


( 1 . 0 - 11 . 2 ) 


0.29 


Refer-! 

ence 


Remarks 

(sec also text on pages 51 


(0-0.0005) 


127 

243 


Optical 

Optical®', 25 °C 

NAD 

NADP 

Optica!®®, NADP. 


1.0 

1.0 

0.39 


Not 

detectable 


Even slight haemolysis i 
‘false’ high strum value: 
activity increased in acuti 
tisA cardiac infarction^® a 
severe tissue damage. ( 
useful when deficiency of 
zyme in the erythrocytes 
suspected (primaquine sen 
as in favism and kcmictcn 


Even slight haemolysis ic 
considerably. Oinical imp 
so far small. Scrum activii 
creased in acute hepatitis-t 
tious mononucleosis-*® and 
kinds of tumour®®. 


< 0.8 ! 0.28 


10 

10 

98 


7.0 

12.6 

19.2 


(S-55) 

(3.3-10.2) 

(4.3-17.4) 


7.2 


sr 

52 


Clinical importance so Bf 
Scrum activity increastd ii 
damage^'. 


Structiirally bound enzyme, 
not detected in serum even in ; 
organic injury*. 


Slight hacmol}*sjs docs not 
fete. Largely specific to the 
Serum acimty increased in vn 
maiory liver disease and ohi 
live jaundice'^- which ca 
differentiated by means of the 
(aspartate aminoennsferaseH 
nine aminotransfcrascl/glota 
dehydrogenase^^*'^. 


Scrum activity markedly mere 
' in acute hepatitis and leukaem 
less so in cirrhosis. Also mere 
in 3S-£0*» of patients st;i(h 
seminated carcinomas'^-* fn 
niaquinc-scnsiiivc patients, w! 
erythrocytes arc poor in gluco< 
phosphate dehydrogen.a^e, the 
tathtonc reductase actisnty of 
’ cells is dottWed*^. 


9 KoxxbwG md Horecxer. in Comwicx ®nd 
£ns,mhn, vol. 1, Academic Press, New 1 oik, 1955. page 523. 
®fSXcf;i.,WGU4.484 (195 ). 

' S«rm and VEt-t-A. 

® nnsESMEBZ ct al.. Z. Nalurforiti., 0b. 555 (1953). 

®|"“. A7m.btAr..3B,p (1960)^ 

I* SBAM«.A’A Ct al.. 4B, ^6 (1965). 

<5 si-AtER and msn' 

«c GEEE.VCH,U.,A7m.rrf<r..3S, 1144 (19a7). 


■*® Schmidt and Schmidt, AV/v, 40. 9(>2 (1962). 

■*8 Fairr.s, G., &zi-r7.fii/.t/ie.(0a/;/), 3, 97 (1963). 
v® Schmidt and Schmidt, HTjrt-’.'.Ae.'.tfiT (Bastt),3 . 1 
so R.sckf*. E-.in CoLOWicxand Ktres (Edv), 
Academic Press, Mew York, 1955, yagr 722. 

S' Horn and Brc-ns, .ffr.v4rw.7f.. 331, 59 (195S). 
s® Msnso and W'RdunrwsKi./.o'fT.f'nTj-/ , 37, 214 (19.9,. 
s® ScHRiFR ct al. r2rv..l/.'.j., 52. 109 (lOeS). 


( 1963 ', 

„ r,r 
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EC nuinbci 








S;itieRuticname 

iricktti tbbfCTutionind 
tecoiniT<eadetl ttmal name 

Method 

IW 


9SV. range 
(ezireme range 
lo bracken) 


Refer 

Remaiki 

(lee also text on pages 584-588) 

rulopUsmin) 

Colorimetric (p-phenylene* 








diamine)*^, 37 'C 






Caeruloplasmin has the properties 





19-45 


u 

of /-dipbenol oxidaae 


Cord blood ...... ...... 




te 

actmty la 2-3 tunea higher than 
normal®*. A defieiency of the en- 
xyme is charactenatic of hepatolen- 
ticular degeneration** but la also 
found in the nephrotic arndiome. 

12 1-39 
192-60 

l-Srnonths 








kwiihiotkor*J and apnie**. The 

















3 3 







leukaemia, etc.'*. 

lawoylphosphate L-omi- 

Mictodiffusion**, modified**. 







e carbamoyltransferaje 

37 ‘C 



C>-0 2S) 


»» 


ithine carbamoyl* 

Colorimettie*’, 37 *C . ... 



(8-20) 


SI 

nanciet In cotd blood the actiricy 

sfetasc 

Isotopic**, 37 'C 



(0-007) 


Si 

u^he tame la in normal sduitt. The 

T) 







actiTity from the age of 24 yeari 
on** has not been confirmed** 
The high aeiiaity of the eniyme in 

l.l 

oheptulose'7 •phosphate’ 

Colotitnetne (assay of sedo 






a ipeeifie index of leaerc liaet dam- 

lycersldehyde-J-phosphaie 

hepiulose 7-phosphate)**, 







:oIal<Jehydetransferase 

37 ‘C 

ts 

0 82 

(0.38-1.42) 


•* 


inskeiolaae 


21 

029 

(0 17-0 60) 




'CoUldehydetrtnsfersse 






in nrdiae infareiion, cirrhosis of 
theliverandobitruciirelsundice** 

>ipartate 2-osoglutacsce 
inotransferase 

Optical*’. 20-22 ’C 

Optical*’, 38 ‘C 

500 

160 

10 6 

16 6 

(24-19 2) 

32 

04 


loterfetei hardly 

fisnate smlnoirsnsferase 
uiamate-osaUeeiite tram- 

Optical*', modified, 25 *C 
Optical (Doehfingcf), 2S*C, 

105 

80 

(3 6-170) 



this enrym* hei m the tnitked un. 
proaement it has brought about in 


blood donors 

Opi ical *’,25 *C, blooddonors 

050 

too 

120 

13 6 

(62-22 0) 

3.2 

JO 

and User diaeaae For tsTiswt see 
tbelirerature** ** Ji 


Opticnl*’, 25 *C 
Colotimeitic”, modified. 



(4-15) 


’• 



25 *C 

Optical (Boehfinget),25 ’C 
Optical*’. 25 *C 

577 

7 67 

(5-18) 

1 8 




Cord blood 

44 

21.3 


9.5 

10 



lip to 1 month 

12 

204 


97 

10 



2-3 months 

13 

226 


63 

10 



4-6 months 

12 

24 3 


55 

>0 



7-12 months 

16 

19 3 


54 




2 years 

6 

15 7 


48 

10 



2-16 years 

58 

14 1 


39 

to 



16 years 

40 

14 4 


40 

10 



Cord blood 

15 

126 


90 

is 



Cord blood 

202 


(0-29) 


.. 



Optical*’. 25 ’C 








1 Premature Infants 

25 

92 


94 

IS 



Newborn 

20 

88 


45 

IS 



1 Infints 

41 

48 


26 

’* 
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EC numlwr 
SysIcmAtic name 
Recommentted trivial name 
In brackets: abbreviation and 
non-recommended trivial name 


Method 


2.6.1. 2 


L- Alanine :2-oxoglutaratc 
aminotransferase 
Alanine aminotransferase 
(Glutamatc-pyruvatc-trans- 
aminnsc [GPT]) 


Optica) modified, room 
temperature 

Optical 20-22 T 

Optical^’’, modified, 25 “C . . 
Optical (Bochringcr), 25 "C, 

blood donors 

Optical 25 °C, blood donors 
Optical (Bochringcr), 25 °C . 

Cord blood 

1 month 

2-3 months 

4-12 months 

From 1 year 

Cord blood 


2.7.1. 1 

ATPtD-hcxose 6-phospho- 

transferasc 

Hexofcinasc 

(HK) 


Optical, with glucose 6-phos- 
phatc dehydrogenase, 25 °C 

Optical, 25 °C 


2.7.1.3 

ATP.'D-fructose 1-phospho- 
transferase 
Ketohexokinase 
(Fructokinasc [FK]) 


Optical^*', modified, 25 °C . . 


2.7.1.40 

ATP: pyruvate phospho- 
transferase 
Pyruvate kinase 
(PK) 


Optical modified, 25 "C . . 

Optical 

Optical modified, 25 “C . . 


2. 7. 2. 3 

ATP : 3-phospho-D-glyceratc 
l-phosphotransfcrase 
Phospboglycerate kinase 

(PGK) 

2. 7. 3. 2 

ATP; creatine phospho- 
transferase 
Creatine kinase 
(Creatine pbospbokinasc 

[CPK}) 


Optical'*, modified, room 
temperature 


Colorimetric^®, 37 'C 

Colorimetric®®, 37 °C 

Optical®®, 37 'C 

Optical (Bochringcr), 25 "C . 
Optical (Bochringcr), 25 °C . 
Optical®®, 37 °C 

Adults 

Cotd blood 

Pregnancy, 3rd trimester . . 


Num- 

ber 

Mean 

95% range 
(extreme range 
in brackets) 

I 

Refer 

cncc 

Remarks 

(see also text on pages 






Slight haemolysis does 

54 

3.7 


2.1 

74 

fere. High activity in li 

260 

7.7 

(2.4-16.8) 


73 

cally none m erythroq 
activity increased mark« 

122 

6.9 

(2.9-16.1) 


S 

disease, in the diagnosis 
is the most important e 
reviews see the literatur 

2400 


(6.4-16.0) 


70 


2400 


(6.4-16.0) 


7S 


722 

5.54 


1.7 

8 


44 

5.0 


2.3 

10 


11 

4,0 


3.0 

10 


11 

7.5 


1.6 

10 


14 

6,2 


2.7 

TO 


31 

6.8 


3.3 

TO 


202 


0.5-9.6 


18 


30 


Not 


,s 

Haemolysis intttferts. J 

7 

o.t 

detectable 


s 

uscfuJocss so far. Serum 
creased in acute hepatiti: 

30 


Not 


30 

No clinical usefulness so 


detectable 



activity mcreased in aci 

19 

16.4 

(3.8-34.8) 


S 

No clinical sig/uBcance. 

20 

29.9 

(15.7-49.6) 


77 

hepatitis the scrum actit 
a noa*significant reductli 

30 

15.8 


6.0 

30 

bed-rest?)^, in patients 
mouts an increase^®, 
spherocytic hicmolyticar 
erythrocj'tes ha\x been 






be deficient in this enzyn 

107 

11.2 


3.1 

IS 

Setutn activity incrca<cd 
mU^®. In cardiac infan 
acute hepatitis normal’'^ 
higher values'*^ have bee 



(3.3-23.7) 


79 

Slight haemolysis docs l 





fere. Higher scrum acti 



(5.5-75) 



found following physical 

254 

0.40 


1.3 

83 

In men the normal 

<1.0 

0.30 


slightly higher than in u'O 

257 

0.30 


Creatine kin.ise is a sensin' 

30 


(0-0.48) 


84 

in the diagnosis of cat 
muscular diseases. For re 






the literature--®. 


1.0 


0.8 

3S 



2.1 


1.8 

SS 



2.9 


5.6 

25 



. T aDue. Pn,:.S.r.>x/>.B;i>rrN.Y.J,9i, 569 (t956). 

WRdBiEV'SKJandLADUE,^ ^ _ Af,/4fi,785 (1955). 

■ ■ . ■ '11,601 (1961). 

■ ■ ■ . ■■■i /■SM/l.).3,S20(t959). 


eo Golobarg etal.. Gastrctntmhiy, 36, 193 (1959). 

»' Htfoiirs S.P., 597 (1963). 

ea Kua-t cXiUJ.hy Chn.,109, 191 (1954); TAStava and Gu-va. 
Ckr,.. 234, 3201 (1959). ^ 

«4 FoRSTtA and Esctita. Hih.md.Ada.JB . ; ” 

«5 GMVVITK5. P.D..cr/m,r4.>t.^(r/.., t3. 4IJ (1.66). 
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Recommended irlvlal nan 
In brackets abbreviation ar 
non-recommended trivial nai 


Adenylate kinase 
(Myokinase (MK]) 


2.7.5 I 

B-D-Glucose-l,6-diphosphjte' 
a-D-glucose-1 -phosphate 
phosphotraruferase 
Phoiphoglucomutase 
Glucose phosphomutaie 
(PCluM) 

3 1.1.3 

Glyeetol-eiter hydrolase 
Lipase 


3 1 1.6 

Aeyleholine aeyl hydrolate 

Cholinesterase 

(QIE) 


Optical**, 25 °C . . 


e 1 -phosphate assay *®, 


Titcimetrie (substrate olive 
oil). 37 ‘C 

Titrimettie (substrate olive 
oil). 37 *0 

Tittimettie (substrate phenyl 
Uurate), 37 *C 


Colofimettie (aeetykholine 
bromide), 37 ‘C 
Opriea^ (benjoytcholute). 

Colorimetric (phenyl ben- 
loaie), 37 ‘C 
Operes^ (beruoytefiofine). 


Colorimetric (benzoykho- 
JineX 37 ’C 

Colorimetric (a-rtaphlhyl 
propiocute), 37 X 
Colotimccrie (^ruphthyl 
plopiorute), 37 ’C 
Coktiwiric (phenyl sectair), 

Cotorimctrie (monosoccinvl- 
choline), 37 ’C 
Colorimetric (disurctnyP 
choline), 37 ‘C 
Titrimetric (acetylcholine 
thloiide), 37 ‘C 
Men (blood donors) 

U omen (blood donors) , 


(16-285) 

(9-20) 


(2000-5200) 

(620-1370) 

(3200-7000) 


<20 

<20 


In striped muscle the abiolure ac- 
tivity of adenylate kinase la higher 
than that of creatine kinaae** Oc- 
curs at relatively high tcimties In 
leucocytes and thrombocytes The 
uaefulneis of aeruin determinations 
in the diagnosis of cardiac and mui- 
culir diseases is limited by the <te- 
ceisicy of using serum completely 
free of haemolysis*^ 


Slight hsemolysii does not inter- 
fere In cord blood, values only 
half as high as in adults have been 
found Little clinical importance 


Haemolysis inierferea because of 
inhibition of the reaction by the 
baemoglobiD Ko art specific dif- 
ferences have been observed** 
The msrked ineresK in the serum 
eeimty in scute ptncteslitis hti so 
fsr found little diagnostic tpplics* 
non** In ehionie pasKtciutis the 
chtngei are not reliible, better re- 
lulcs ere obtained with provocetion 
tens** Slight inereisei in lerum 
lipase ictiviiy ste leen in mAim- 
inatory liver diieisei** 

Slight kaemolyiis does not inter- 
fere Ineordblood the lerumietiv- 
1 ty IS rather low but becomei notmat 
after the lOth diy, after 2 months 
the vilue is about 2SIi higher than 
in adults Serum eetivity » lower 
2a htpttitit tod anhoui, in error- 
dance with the reduced lerum atbu- 
nunlevel’** Determination of le- 
rum cholinesterase activity has its 


* Hereditary deficienc 


:ted by determining the dtbi 


Atypical 
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Blood - Enzymes 

Nofnwl values in U/1 plasma or scrum of adults unless otherwise stated (for definition of the unit U see page 584) 


nc number 

Systematic name 
Recommended trivial name 

In brackets; abbreviation and 
non-rccommcndcd trivial name 

Method 

1 

3. 1.3.1 



Octhophosphoric monocstcr 

Substrate phenyl phosphate. 


phosphohydrol.tsc 

37 °C 


Alkaline phosphatase 

Substrate /)-nitrophcnyI 

phosphate, 37 °C 

Substrate phcnolphthalcin 



phosphate, 37 °C 

Substrate P-glyccrophos- 

phate, 37 °C 

Substrate P-g\ycetopbos- 

pbntc, y} °C 

Substrate />-nitrophcnyI 
phosphate, 37 “C 



Adults 

100 


Cotd blood 

15 


1 month 

3 


2-3 months 

17 


4-6 months 

14 


7-12 months 

15 

' 

2- 15 years 

Substrate phenyl phosphate, 

37 °C 

Newborn 

1 month 

1-3 years 

3- 10 years 

10-16 years 

Substrate /,-nitrophenyl 
phosphate, optimum con- 
ditions"', 25 "C 

142 


73 

3.1. 3.2 



Octhophosphoric monocstcr 

Substrate /i-nittophenyl 


phosphohydrolase 

phosphate, 37 °C 


Acid phosphatase 

Total 

Serum, men 

Scrum, women 

Plasma, men 

Plasma, women 

Prostatic 

Scrum, men 

Scrum, women 

Plasma, men 

Plasma, women 

Substrate phenyl phosphate, 

37 °C 

Formol-stable 

Tartrate-labile 

Newborn 

1-3 years 

3-10 years 

10-16 years 



95% range 
(extreme range 
in brackets) 

1 

■ 

■ 

(25-92) 


f05 

(13.4-38) 


fOS 

(0.6-4.2) 


107 

(15.1-46.4) 


108 

(8.2-21.8) 


IDS 


8 

110 


19 

110 



110 


29 

t TO 


32 

TTO 


29 

110 


26 

110 

(35-105) 


18 

(70-250) 


16 

(70-210) 


16 

(70-180) 


16 

(100-275) 


16 

\ 

61-171 

' 

i 


i 

1 

i 

4.40 

1 14 


2.94 

114 

1 

3.54 

114 

1 

, 

1.60 

114 

1 

i 

1.80 

114 

1 

1.58 

114 1 

1 

1 

0.64 

114 [ 

I 

i 

1 

0.60 j 

1 

i 

TT4 1 

1 

) 



1 

i 

TT5 ! 

, 


11 s 1 

i 

i 

TT5 j 

(3-6) 

1 

16 ! 

(6.5-11) 

1 

16 , 

(6.5-11) 

t 

>6 i 

(3.5-9) 

i 

" 1 

(3-10) 

i 

16 j 

! 


Mean 


Remarks 

(sec also text on pages 584-5 


29 

60 

59 

98 

98 

92 

88 


102 


9.15 

8.00 

5.08 

4.41 

1.84 

1.85 
0.32 
0.33 


4.25 

1.25 
5.5 


Scrum activity increased in c 
hood^^'^^^ and tou-ards texT 
pregnancy (see page 586). The i 
important application of scruri 
kaiinc phosphatase determinati' 
in the diagnosis of liver and I 
diseases, in the former as indie 
of the degree of intra- ot extr 
patic biliary obstruction, in the 

ter as confirmation (^hen inerca; 

of rickets and to a lesser exten 
osteomalacia. High activities art 
so seen in bone tumours and tl 
metastases marked by an increas 
osteoblasts. For reviews see 
literature^ 


The add phosphatase of serur 
originates from various source 
(ctythrocj’tcs, ihromboc>'tcs. leu 
cocytes, prostate, bone) vi’hich cai 
be identified by the ditfercncc ts 
behaviour tou’ards formol and t 
tartrate. Scrum acid phosphata^' 
determination is important m t.d 
diagnosis of prostate car^oma 
though in most cases an increa^^ 
occurs only in the present of 
metastases. The diagnosis can hi 
established unth greater certain^ 
by determining the formol-sia. c 
and tartrate-labile fractions, 


esc and WoorroN, 3rd cd.. 

c.’a\'*S<«..164. 321 (1944). 

CiEiN et al., 142 ! 921 (1942). 

sHiNOWARACial.,/. • * 03 (1933). 


Rick and Haos.mhn, iT.OTj/i-r.CAr-i.. 212, 26(^(1965). 

G-as. A,n.. .4-./4/A2 

. M al., rrrK. 92 ,496 0 9.2), 

rrs Joptes-and JcGATiicrjAs^ 

i»« Woodard. H.Q., Anir.J.SU.i..V , 90 k (19. ). 







Blood - Enzymes 

Kormal values in U/l plasma of serum of adults unless otherwise stated (for definition of the unit U tee page 584) 


CC aum&er 
Sfscemaiic n>m 
Recommended oatr 

Inbticketi sbbnTiettooui 
SQa-recommended ineu) nj; 


Colonmetf i« ' ’ t, 37 ‘c . . 


3.13 5 

5'-RjbonucIeotide phospho- 

bydrolase 

S'-Nucleolidase 


3.1.3.9 

t)-Glucose'6-phosphate 

phosphohydrolase 

Glucote-f.'phosphause 

3 14 5 

DtorTtihonudeate oligo- 
Qucleotidohydrobse 
Deovyribonuclesse 
pNAase, DNase) 


3 t 4.« 

Deoinibonuc]eate3'-nueleo Colotunettie, 37 *C 
iiJohydtoUte 

DeotynboffueJesse C ! 

(D\ \ate JI) ' 


Colorimetric'", 37 


Colotunetue, 37 *C 


(eiireme range! 
mbrtckecs) 


3.11 1 

«-1.4*Cluan 4-glucafiO- 

bTdtoUse 

••Atnjiase 


Affiyloelascic’^tj modified, 
37 'C 


d-Clururonidate 


Colotunetfic (phenol- 
phchalein mono-9-D-^acu- 
toiMte). 37 ‘C I 

Men . ' 

^’omen 
Men 

^omcn I 

Colorimetric (;>-fuiropbeiiyi I 

&-t>-glucuronafe), 25 'C 1 

Men 
Tfomen 



1 

j 

(02'0A5) ; 


1 •< 



C309~04) I 


: re 


0 42 


015 

rae 


04< j 


012 

laa 

52 

1 

03M.32 


ta« 

53 


022-099 


ie« 


Values in childiea the same as m 
adults Like alkaline phosphatase, 
this enayme shows a Urge rue in 
aenim tctiTiiy in t^istructiTe |aun- 
dice’ leand a tmaller one in hepam* 
genic isundice”*. Unlike allulioe 
pbosphstase it ahows no increase 


Haemolyiis interferca because of 
tbe rue id nonspeoficpbospha cases 
Serum aetmty increased in acute 
hepaciiif and cbroiuc lieer dis- 


Httmolfut mterferes because of 
lahibinonoftbetesetionbyliwmo. 
gtobin. Serum aeiincy is low ui the 
newborn but nses to the adult level 
dumg the fint ytuae. it » padm. 
iogioily inoeased in teuie pancre- 
eons end peecreecic eamnomt, 
occaiionally also in other abdomi- 
nal eondmoas, seTcre renal fajure, 
and mumps It is rather lower ui 
chronic pancreatic uisutSaency 
The most important cnepme m the 
diagnosis of panereatic disease For 
renews tee the liieraturt ' 


Slight hiemolfiis does not mter- 

fere Serum aetmty increases mthe 

3rd tnmesrrr of pregnancy but re- 
turns to normal post panum (tee 
page 586) High le»ei, 
Pm-eclampiia'** and caremontj of 
t^ pwcKatic head. In othei forms 
careinoma the rue is $malle,«9 
Serum actinty also mcTeiied in 
pancreatitis and liwr damageec 
less so m adnneed cirrhosis and 
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Blood - Enzymes 

Normal values in U/1 plasma or scrum of adults unless otherwise stated (for definition of the unit U see page 584) 


EC number 
Systematic name 
Uecommended trivial name 
In brackets: abbreviation and 
non-recommended trivial name 


Method 


Num- 

ber 


Mean 


95% range 
(extreme range 
in brackets) 


Refer- 

ence 


Remarks 

(see also text on pages 584- 


3.4.1.1 

k-Lcucyl-pcptidc hydrolase 
Leucine nmlnopcptidasc 
(LAP) 


[Oxytocin-cleaving 

aminoacylpcptidasc] 

(Oxytocinasc) 


3.4.1.3 

Amino-acyl-dipeptidc 

hydrolase 

Aminopeptidase 

(Aminotripeptidase) 

3. 4. 4.1 
Pepsin 


3.4.4.4 

Trypsin 


3.4.4.15 

Renin 


3,5.3.1 

L- Arginine amidinohydrolasc 
Arginase 


3.5. 4.3 

Guanine aminohydrolase 
Guanine deaminase 
(Guanasc) 


Colorimetric (substrate 
L-lcucyl-p-naphthylamide), 

37 'C 

Colorimetric (substrate 
L-lcucylglycine), 37 °C . . . . 


(15-50) 


82 


16.4 


0.67 


Colorimetric (substrate 
L-cystinc-bis-P-naphthyl- 
amide’^^ or L-cystine-bis- 
p-nittoanilide’^^) 


Colorimetric (substrate 
glycylglycylglycine), 37 °C 


Colorimetric (substrate beef 

haemoglobin), 37 °C 

Colorimetric (substrate beef 
haemoglobin), 37 °C 

1 week 

3 wceks-6 years ■ 


39 


64.7 


45 


Colorimetric^'^®, 37 ®C. 


OpticaF^^, 37 °C 


1.72 


2.76 

2.41 


(0.60-8.26) 

(1.05-3.08) 


4.2 


0.91 


fJS 

1J6 


( 0 - 12 ) 


0-3 


Slight haemolysis docs noi 
fere. Values are somcxrhat Ic 
women, though some wort 
regard the difference as di 
insignificant and others’®^ 
found no difference. Scrum 3 
greatly increased in pregnani 
page 586) and in biliary obs« 
of extra- or intrahepatic orig 
increase in carcinoma of the p 
atic head in the absence of 
obstruction and liver me tasta; 
Sligb t increase in tnflammatoi 
disease and acute pancreatid: 

Serum activity increased 
times in pregnancy (see pap 
The cystine aminopeptidase a 
of normal scrum probably dc 
on the leucine aminopeptiA 
tivity^®'^. 


Formed from pepsinogen, t 
activity rather higher in met 
in women»®^ It is low or abs 
gastric atrophy, increased i 
presence of duc^enal ulcers 


The serum contains no 
sin^®'®. The crj-psin-inhibitin 
parity of 1 ml of scrum is sufi 
to inhibit on the average 1 r 
trypsin. 

Formed in the juitaglorre 
apparatus of the kidnej’s *n 
leased into the plasnu, when 
involved in the fonrutiofl of a 
tensin from angiotenstnogen 
pages 740 - 741 ). 

Haemolysis imcrfcrcs bccau’ 
the high activity of this enryf 
the erythrocytes. Scnim aci 
increased in acute and chwm 
jury to the liver parenchymJ 
increase inobstruaive jiumiio 
141 


^*3 j Haemolysis docs not mterfen 
i rum activity tncrcatcd in liver 

I age. 


MtLLEK and \VoaSL«. 417 (I960). 

'7, S- Vt ai:.^>^X 32. 410 (1957): c =.-. 

(32 Tumatd'NMVXDBX. P329?27S (1962). 

ct a!., HofpiS<j'‘rs 3 49 (,965). 

,5. G0En.UMAsand BE^LEa 

>75 HmscHOwm. 759 (1962). 


>3>- VAN GOIDSENHOVEN-Ctal.. Gcslmnlnrksi. 34, 421 (1958). 

>39 Edwa.ds ct al.. Bril.md.J., 1, 30 (1960); % .cke.s and Kr-NsmT, 
1453 (1962). 

>39 Roman and Faviu-a. 26, 

NUn-nisg and Gmsoua, Proe.Soc.txp.i'toi. (.^■i -J, 7 ^, v - 
>.> Uo\a« ct al../.7.^.^>/->-'W-. 57. 359 (I‘>61): Pfukan ct al., O- 
.-If/9,9, 141 (1964). 

>.3 HUEa.nd Free, 10 631 (1964). 

>•<3 Knights <nt\.,J.Lih.cln.Mrii..f>S, 355 ( 1965 ). 
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KoinalTaJuwinVJJi plasma ot ttmm of advihs unless othtnnae stated (Cor dtfinmon oftl^e unit Usee page 664) 
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EC numbec 




1 




Sfitfnutif 2un>e 


MuiD- 

a,— 

I MW range 


Refer- 

Remarks 





uthfuitn) 




n*teconxcnecvied ttivul cuene 







4 4 

enosine immohydroUse 

Colorimetric'^*, 25 “C 

70 

26 

(t 4-4.7) 

0 54 


Haemolysis interferes because of 

enotlne deamlnaie 







the BctiTity of this efuyme in the 
erythrocytes Serum sctiTir^ u,. 

.27 







hsemoblastosis. reticulosis md 
acute renal diseaK 

tose-l-pbospbste 

Oprical'**, inodi/ied,25*C . 

18 

ID 



s 

Actiriff of tin rnaymr in the |,eer 

ehyde-Iyase 







fat eiceeds that in cither organs, so 

toge-l>pho«phaie 

lolase 







IS specific for lieer djiesse Scrum 
accwity IS high in acute bepstitii. 

hojphoftuetafdofjse [PfAI. 







IcM so in chronic liree disease tnd 

lohst) 







obstructieciaundice 

1.2.13 

uctote-1.6-dipbospha*e 

Colorimetric'**, 38 *C 

115 

44 

(22-7 4) 


t«» 

Hiemotysia interferes because of 

glyeet»ld«hyd«'3 phot- 






the sctiTity ef tbit enryme in the 

itte-lyase 

37 ‘C. 

21 

33 

(1 8-4.9) 




ruciosedlphoipliatc 

Optical**, modified, 2$ *0 



<1-97) 


a 

of life and then falls again to the 

Udolase |ALD]. 

Optical**, 25 *0 . 

Optical**, 23 ’C 

48 

18 

0 65 

' 

cord bleed Ttiue within 3 weeks’* 
ft Is highar in children than In 


blood donors 






Stavt'*) Physical effert tytulta 


Optical**, 25 "C 

30 

50 


2.5 


in a mi^tata inereata in aetun 
aetmey'** Etetemimalion of the 


Colonmettic’**, 37 ‘C 

Adults 


32 




aarum aeuaity la diignesncslly use- 




04 




Qiildren 


64 


05 


Increased parcieulatly in tnuteular 


Colonmettic, 37*C I 




dyacrephy ef Dochckk* ty^, of- 


Cord blood . 1 



(4.0-17 5) j 



brothers and aiaters'** For re- 


1 year ] 


17 5 



Tievi tee the literature** 


2 years ' 


152 






6 years 


120 

1 


■ 



1 12 years 


8.7 



1 '* 



13 years 

! opucjt'^.:s‘C 


66 



'* 



Infants 

50 

S3 



to 



1 Children 

43 

36 


.',5 

u 



1 Opli<al**,modified,25*C 







' Premature infants 

23 

7.1 






Neuborn 

18 

64 


70 




Infants 

54 

35 


^ , 

,, 



Qiildren 

45 

24 





*212 








l-Matite hydro-lyase 

Optica!’**, 37 ’C 

1 


t^ot 




rumarate hydraiaie 







Sewm acliTiry slightly increased 
m hepitiiis'aa No definite incxeise 

ttsgeeo *■ 

(Fumarise) 

Optical'**, 37 'C 

1 

i” 


(0-07) 



Curate (isocitrate) hydro- 

Optical'*', 37 'C 

j 30 













Aconliate hydratasr 
(.\coninse) 






1 




Blood - Enzymes - Lipids 

Normal values in U/1 plasma or scrum of adults unless otherwise stated (for definition of the unit U see page 584) 


HC number 

Systematic name 
Recommended trivial name 

In brackets: abbreviation and 
non-rccommended trivial name 

Method 

Num 

ber 

Mean 

95% range 
(extreme rang 
in brackets) 

C / 

Rcfci 

ence 

f* Remarks 

(see also text on pages 584-58 

4,2,1.11 

2-Phospho-u-glycetatc 

hydro-lyase 

Optic-aH^, modified, 25 °C . . 
Optical", 25 °C 

15 

30 

3.1 

10.5 

(1-6.0) 

3.3 

5 

30 

Serum activity increased in li 
disease, cardiac infarction and i 

Phosphopyruvatc 
hydra t.asc 
(Enolasc [ENO]) 



tastatic carcinoma^* 

5.3.1. 1 

D-Glyccraldchyde-3-phos- 
phate kctol-isomcrase 

Optical", 34 °C 

21 

142 


58 

15 

58 

159 

Scrum activity increased in vi 
hepatiUs and progressive musoi 

Optica! "i, 25 °C 

30 

42.8 


30 

Triosephosphate isomcrasc 
(TIM) 

Optical modified, 25 °C . . 

26 

234 

(100-400) 

160 

dystrophy^^^* also in gcr.cr 

ixed neoplastic disease and es; 
dally liver metastases^^^. 

5.3.1. 6 

D-Ribosc-5-phosphate kctol- 
isomerasc I 

Rlboscphosphatc isomcrasc 
(Phosphoriboisomcrase) 

Colorimetric'", 37 °C 

It 

i 

58.4 

(33.4-90.2) 


162 

Scrum activity increased in liv 
disease, nephritis and lympbosa 
; coma^®^. 

5.3.1.9 

D-Glucosc-(3-phosphatc 

kctolisomcrase 

Glucosephosphatc 

isomcrasc 

(Phosphohexose isomcrasc 
[PHI], hexosephosphatc 
isomcrasc) 

Colorimetric'", 37 °C 

Colorimetric'", 37 °C 

Adults 

Cord blood 


50.8 

46.5 

(13.5-86.0) 

(45-170) 

24.2 

30 

16 , 

16 

Serum activity higher in carl 
childhood than in adults. Increase^ 
in cardbc infarction^ am 
acute hepadds^^^'^^^ slightly si 
in chronic liver disease and obstruc 
ti VC jaundioe^^®' ^ Also increases 
in leulaemia^®®, megalobl«di 
anaemia^®, mtiscular dystropby^^J 

severe thyrotoxicosis^^^andcarci 
noma^s^^e^.rro. 

5. 4. 2.1 

D-Phosphoglycerate 2,3-phos- 
phomutase 

Phosphoglycerate 

phosphomutase 

(PGM) 

Optical"'', modified, 25 "C. . 

30 


Not 

detectable 

1 

1 

1 

30 

t 

j 

Ko definite changes in scrum actir* 
ity in heart or Uver disease or in ibt 
presence of rumours^®. 


159 Grusn and Piccinino, Ac/a hepafo-sphnol.(Siutlg,)^ 10, 166 (1963). 
^^0 Robert ct al., CaneerAA, 1166 (1961). 

Giusti, G., BoII.Soc.itaiBiol.sper.f 38, 10 (1962). 

Bruns, F.H., Bkehtm.Z., 327, 523 (1956). 

Bruns and Hinsberg, Biochem.Z.^ 325, 532 (1954), 

15A Horrocks Ct z\.tJ.tlin,Path., 16, 248 (1963), 

Siegel and Bing, Pro(.Soe.exp.BioJ,(N.Y.)t 91, 604 (1956), 


1^^ Bing ct al.,/.y4r?fr.rrf</.^/x,, 164, 647 (1957). 

Bruns and Jacob, KUn. XTtthr,^ 32, 1041 (1954). 
1^^ Blanchaer ct al.. Blood 245 (1958). 

White, L.P.,/.w/.Cj’rffr/n//.,2l, 671 (195S). 
Schwartz ct al., Cenerr^ 15, 347 (1962), 
Sutherland ctal.,/.i'ic'/.0^*7.,181, 153 (1949). 


Lipids (for references see page 602) 



Erythrocytes ' 

Plasma or serum 



Mean 

95% range 

1 

/ ! 

Refer- 

ence 

Mean i 

95% range 

/ 

Refer- 

ence 

Remarks 

Total lipids (g/1) 

5.10 

4.08-6.12 

0.51 

1 

1 

3.5-8.5 

1 

- 


Sec text opposite. 

Fatty acids (g/1)* 

2.0 

0.08 



1 


1. 0-5.0 


2 

1 Sec text opposite. 

Non-estetified (‘free’) 

- 

- 

3 

- 

0.10-0.35 


2 

} 


Cholesterol (g/1) 

1.20 

1.02-1.38 

0.09 

1 

- 

1.0-3.0 

0.3-1 .0 

_ ! 

2 

See text opposite. 


• 1 mmol (mEq)/l« 0.28 g^ or 1 g/l«r 3.57 mmol (mEq)/I. 



Blood -Lipids 

(For refcicncct Ke page 6O9 
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etfically ifter juitable e»tr»ction» 

Of the erTthtoeyte 90* • «e eonmned in the eell mem- 
■*ne In the Uucoqrtn they seeount for S-I0*i of the dry *ub- 
inee'*, in the thrombocytei ibout 15V«’' The ihtombocyte 
'idi h»Te a tirriUt eorrpotition to the erythrocyte lipiJt*'' The 
r\>*n lipiJt ate inottly bound to ptotemi (a- and (bSipoprotema. 
e the tablet on page 602) Tot forthet ditcuision of the tcrum 
piJi tee the literature'* 

The Iipid content of the terum dependi on ririout faetort. par* 
nilirly tgt, tex, race, diet, bormxul balance, itreu. cfitnace. 
lytieal eiereiie and occupation. The terum lipid content it lover 
: birth and in childhood than In adult life, and ritet tteaddy up to 
le age of about 60 yean > it it tncreated in pregtuncr " let tebiion- 
up to body veight, eonaiinjtion and blo^ ptetture hat been 
udied'* There it 1 potitiTeeortelatioobefieenthe tneideoeeof 
heroteletotiiindthelipid (or low^enairy lipoprotein, choletietol 
id glyceride) content of the terum'^ ", though no cauul connec* 
nn hat been coneluiieelT demonitrated The diet thould there* 
>re be to td|u>ced at to aeoid an excetaite rite in the serum lipid 
ontent. 


‘any adds 

Ttom about 3*i up to about 10‘* of (he terum fatty acidt are 
icifKTfffifieiJ’r thcycoru're bi the main of compcytencs of glycer- 
Jei, phosphatiJei and choloteryl c*ten Small amoumt of free 
rtty acids are ilso present in the erythrocytei Lnlikc the ptotein- 
ound lipidt o( the other fractions, (he free fatry acidt of serum are 
nostly bound loosely ss anions to albumin. 

The free firty acid conterit of the terum rises vithin 1 few hours 
if birth to a lerel three lines ss high ss thal in the cord blood” 

I IS rather hig'-er in children before puberty than in adolts'*. in 
'irgnaney ii rises rouards lem and falls to norma) bf (he second 
try post pattum” 

For the fatty ackl content ofthelipid fractions leeihelitcnture*’ 


Cholcttera] 

Lt the serum shout onc'third of the cholesterol is m (he free 
itite, shout tsrorhirds esterified, some 07*i consistt of dihydro- 
tholestttol ra xhe cholesteryl rulphale ctxifent of the lenun h less 
than 5 rrg 1 »s -yi. ^ ^tio of the esteri^ to the total diolesterol 
(ester quMiert) m the serum is eifremcly constant, in ibeihrcmbo- 
CTtcsa-vlIcueocttrsit Taries videfy” kariouscolotmetiic treth* 
fsls hate been deyetoped foe the assay of cholesterol, bur ocne 
*’ ”rT specticrs. most used ate those of Scuot^sitjatiK and 
Ssjsit”, and Zac” 

Like the total I pid content, t^e cholesterol content of the seruna 
depends m earious f*ctors,»-|th t‘'ediet and bodily actiy tty playing 
a partKubtfy mpotrant role The serum cholesterol leyel is sheeted 
less by the cholesterol content of the diet - CKisC of the serum 
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Serum lipoproteins and their composition^ 


Fraction 

Content* 

(g/lse- 

rum) 

Density 

St”* 

-J** 

Free electrophoresis 
(fraction) 

Cohn fraction 
(method 10) 

Protein (%) 

Uf 

/*"s 

g, 

•n 

12 

*E 

n 

oprotein compositioo 

Lipid fraction as pcrccntaj 
of totail lipids 

o 

rn 

g. 

o 

1 

2 

n 

dC 

Cu 

yi 

0 

JS 

ft. 

£• 

V 

•S 

u *s 
"C V 

d 5 

*0 

w 

V 

U 

t.'w 

i-u 

v 

w 

V 

m 

u 

i 

z 

Chylomicrons 

0-0.5 

<0.96 

lO^-lO* 

- 


i+ii 

1 

99 

88 

8 

3 

1 

■ 

^-Lipoproteins, loiv-Jensity LDFi 

1.5 

0.96 -1.006 

20^0 

>70 

tX2 

i+ii 

7 

93 

56 

20 

15 

8 

t 

LDFa 

0.5 

1.006-1.019 

12-20 


as 

i+m 

11 

89 

29 

26 

34 

9 

1 

LDFa 

3.5 

1.019-1.063 

0-12*** 


3 

in 

21 

79 

13 

28 

48 

m 

1 

a-Llpoprotems, higji-density HDLi 

0.5 

1.063-1.125 

- 

4-20 

cri 

IV+V 

33 

67 

m 

m 

31 

10 

- 

HDLa 

3.0 

1.125-1.210 

- 

0-4 

ai 

IV+V 

57 

43 

9 


29 

6 

6 

Nones teriped fatty acids-albumin . . 

40.0 

- 

- 

- 

- 

V 

99 

1 

D 

0 

m 

m 

ift 


1 Olson and Vester, Physiol. Rer.. 40, 677 (1960). ** S/ = Svedrerc flotation units (-^ x lO-is s) at a dcnslt>- 

* Average post-absorptive values for a healthy, well-nourished man aged / =* 26 ’C; -d“ « SvedberG flotauon units at a density of 1.21 and / = -o 

40 years, *** Fractions 0-2 arc high-densitj* lipoproteins (HDLO* 


Serum lipoprotein concentrations at various ages (g/I)' 


Age 

Num- 

ber 

Sf 10(M00 

J, 20-100 

S/ 12-20 

JyO-12 

HDLi 

HDL, 

HOr-s 

Afcan 

s 

Mean 


Mean 


Mean 

S 

Mean 

S 

Mean 

/ 

Mean 

LI 






Men 



O.Af 

0.42 

0,50 

0.51 

17-29 

30-39 

40-49 

50-65 

585 

834 

399 

143 

0.37 

0.51 

0.66 

0.58 

0.43 

0.64 

0.91 

0.70 

0.75 

0.91 

1.07 

1.03 

0.41 

0.54 

0.66 

0.58 

0.40 

0.51 

0.57 

0.56 

0.21 

0.23 

0.23 

0.24 

3.22 

3.55 

3.80 

3.83 

0.86 

0.84 

0.84 

0.75 

0.23 

0.24 

0.25 

0.27 

0.07 

0.15 

0.15 

0.22 

— 

0.37 

0.36 

0.37 

0.42 

0.23 

0.23 

0.28 

0.32 

2.17 

2.19 

2.26 

2.24 





Women 


.. 

17-29 

30-39 

40-49 

50-65 

190 

99 

37 

10 

0.09 

0.13 

0.18 

0.32 

0.14 

0.17 

0.24 

0.37 

0.44 

0.51 

0.65 

0.77 

0.29 

0.36 

0.51 

0.48 

0.30 

0.41 

0.42 

0.93 

0.16 

0.22 

0.21 

0.36 

2.83 

3.24 

3.46 

4.37 

0.68 

0.86 

0.67 

0.40 

0.21 

0.22 

0.23 

0.25 

0.07 

0.09 

0.05 

0.07 

0.80 

0.81 

0.89 

1.17 

0.41 j 2.28 
0.45 i 2.35 
0.53 1 2.41 
0.66 1 2.70 

0.Jh 

0.38 

0.43 

0,54 

1 Lind 
vol. 2 

OREN and 
, Acaden 

NtCHOLi 
ic Press, 

in Firm 
view York 

(Ed.). Tie Ptaena Pmteim. healthy employees of the Univemty cf Cah.om.a Rad.at.on ..oora . 

1960 . page 1 (values determined in Livermore. Calif-)- 
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Fntty add composition of the scrum lipid fractions of adults' 



Non* 

cslcrlfied 

fatty 

ncids 

Qiolcs- 

tcryl 

esters 

Phos- 

phatidcs 

Triglyc- 

erides 

Lipid fraction (g/1 scrum) 

0.29 

2.24 

2.09 

1.73 

Fatty acids of lipid frac- 
tion (g/1 scrum) 

0.29 

0.72 

1.11 

1.44 

Fatty acids (% of total) 





Myristic acid 

2.0 

1.1 

0.9 

1.6 

P.almitic acid 

27.9 

12.1 

30.7 

28.1 

Palmitolcic acid 

7.2 

6.8 

3.3 

7.6 

Stearic acid 

14.9 

2.6 

11.9 

3.7 

Olcic acid 

25.5 

18.9 

15.1 

36.8 

Linolcicacid 

13.1 

47.1 

21.5 

12.2 

Tricnc ncids (Cis and 

Cao) 

0.9 

0.9 

0.8 

0.9 

Arachidonic acid 

2.4 

5.0 

8.8 

3.1 

Pcntncnc acids (Cao and 
Caa) 

1.2 

1.4 

2.0 

1.2 

Hexacnc acids (Caa). . . 

1.8 

1.9 

3.1 

1.9 

Other 

3.1 

2.2 

2.1 

2.9 


' ScHRAon, \V.. Mid.u.Ernihr., 1, 267 (1960); Schrade et rK, Klin. 
Wtthr., 38. 739 (1960) (mean values from 16 healthy subjects aged 

18-^1 years). . , 

For the fatty acid composition of the lipid fractions in the newborn see 
ZOllner et al., Kfm. \i7uhr., 44, 380 (1966), in the newborn and mfants 
in reiation to diet see Pikaar and Fernandes, Amir.J.elm.Niilr., 19, 
194 (1966). 


Phosphatidcs in the plasma and erythrocytes' 



Plasma 
(15 adults*) 

Erythrocyt 
(13 adults 


Mean 

s 

Mean 


Lipid phosphorus (mg/i) 

99.8 

15.2 

139.5 : 

i: 

Phosphatidcs (% of lipid 
phosphorus) 





Cephalin** 

5.0 

0.6 

42.4 

1 

Lecithin 

68.2 

1.7 

32.7 

t, 

Sphingomyelin 

19.0 

1.9 

23.1 

1 

Lysolecithin 

7.7 

1.5 

1.8 

( 


♦ Fasting values. In the cord plasma the proportion of lecithin is lot 
that of the other fractions higher^. 

** In the scrum^ about one-third of the cephalin fraction consist! 
plasmalogens, in the erythrocytes'* about one-half. 

' PjtiLLtPS, G.D.,y.Z.^^.r//rt.Afrif., 59, 357 (1962). 

2 ZoLLNER et al., Klin, mikr., 44, 380 (1966). 

2 Phillips, G.B., Biochim.biophyt.Atia ( Artst.) , 29, 594 (1958). 

■* Farqohar, J.\V-, BiQchim.biophyi.Acia, 60, 80 (1962). 


Suggested nomenclature of changes in the serum lipid 
tent’ 



Designation for an incrcj 
in the serum concentratii 

Cholesterol 

Hypercholcstcrolaem: 

Lipid phosphorus 

Hypcrphosphatid.iem 

Neutral fat 

Hypcrlipaemia 

Free fatty acids 

Hyperlipacidacmia 

Total lipids 

Hyperlipidaemia 

Clouding by neutral fat 

Lipaemia 

^ Klenk ct ah, Clm.(him.A(ia^ 7, 446 (1962). 


Carbohydrates (for references see page 606) 
Glucose, fasting values (mg/1) 


Determined 


Pregnancy . . . 

Newborn 

1st hour . . . 
6th day 

Newborn . . - 

1 hour 

2 hours . . . 

9 hours . . . 
24 hours . . 
48 hours . . . 

Newborn 
1-78 hours 


Children 

1-17 months 


Capillary blood 
Cord blood 
Capillary blood 
Capillary blood 

Cord blood 
Capillary blood 
Capillary blood 
Capillary blood 
Capillary blood 
Capillary blood 

Blood 

Blood 


Method 


Num- 

ber 


Hagedorn-J ensen 
Glucose oxidase 
Hagedorn-Jensen 
Glucose oxidase 
Hagedorn-J ensen 
Glucose oxidase 
Hagedorn-Jensen 
Glucose oxidase 


SOMOGVI- 

Somogyi- 

SOMOGYI- 

Somogyi- 

Somogyi- 

Somogyi 


Nelson 

-Nelson 

•Nelson 

•Nelson 

■Nelson 

■Nelson 


Hagedorn-Jensen 

Somogyi-Nelson 

Hagedorn-Jensen 

Somogyi-Nelson 


19 

19 

20 
20 
20 
20 
16 
16 

14 

14 

14 

14 

14 

14 

63 

63 

10 

10 


Mean 


931 

867 

856 

671 

558 

263 

708 

447 

730 

626 

589 

590 
579 

591 

841 

598 

948 

796 


95% range 


878-984 

788-946 

790-922 

588-754 

489-627 

190-336 

653-763 

381-513 

392-1068 

224-1028 

209-969 

310-870 

301-857 

321-861 


26.7 

39.5 
33.2 

41.5 

34.4 

36.5 

27.5 

32.8 

169 

201 

190 

140 

139 

135 


Refer- 

ence 


Remarks 


Mtthdt. Reduction method: 
determining ‘blood sugar - 

instance HAr.LDORN-jLNSLN.M 

MAN. Folin -Wu, Souoc.ti-Nii 
- determine other hesoses (I 
rose, mannose, galactose). penti 
glucuronic acid, glutathione, 
acid, creatine and creatinine, 
corbie acid and s-arioiis uu’l- 
addition to glucose. Aldohea 
can be determined colorimeiri: 

with o-toluidtnc2. tti or tnpht 

tetrazolium chloride". Most 
ciflc are the enzymatic metl 
using cither glucose osidasc ' 
perosidase*-'-’-’2 or hcxoki 

with gUicosc-6-pliospliatcdehJ 

genase'-2. , , 

/’Amh/.iC'otf nn.i pmhd^p.-ni r. 
th-,,. After 12 hours fasting 
glucose level in the capillity bi 
approittm.atcs to that in the vet 
blood ; after glucose intake : 
higher in the cipillaty and art 
than in the venous hlood. in le 
cytosts there may be a false app 
ance of hypoglycaemia nsvini 
glycolysis in the leucocytes . 
concentration ofglucose isthe s 
in the scnim 30^5 cr)’tnro 
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■lucoaci fasting values (mg/l) (tonlinutd) 




Method 

hW 

Mean 

9S!i Tinge 

- 

Refer. 

Remarls 

(continued) 

IhilJten 

2-14 years . 

Wults 

8-1 4 y tats ... 
Adults . . . 

Adults . . 

Adults . . 

Adults . 

Pitth-20 years . 
30-40 years 

50-69 years . . 

70 years and over 
n-»S years 

Blood 

Blood 

Venous Wood 
Venous plasma 

Venous blood 
Blood 

Blood 

Capillary blood 
Capillary blood 
Capilbry blood 
Capillary blood 
Opillary Wood 

H aCEDORN-jENSEM 

So'iooti-Nelsos 

Hacecokn-Jensem 

Somoctj-Neism 

Glucose oxidase 
So«ogyi-Neison 
G lucose oxidase 
Glucose oxidase 
«-Totuidme 

Glucose oxidase 
IlOFFSI SN 

Hofpmsn 

Hoffman 

HOFPM AN 
HexoVinase 

15 

15 

21 

2] 

12 

33 

33 

38 

21 

94 

41 

103 

155 

46 

199 

933 

843 

1072 

1000 

800 

995 

909 

800 

810 

859 

878 

897 

991 

828 

600-1000 

819-1171 

751-1067 

668-932 

630-870 

630-990 

683-I03S 

650-1106 

623-1171 

665-1317 

700-950 

: 

88 

79 

66 

90 

88 

114 

137 

163 

65 6 


water The blood gtocose level falls 
during the first hours of life and 
then rises slowly over the next few 
days' ^ '*> ibw hypcglycaentis of 
the newborn is particularly marked 

in premature infants'* 'F^in poorly 

nourished children’* and ut chil* 
dren of diabeuc inoihets'*. The 
blocid glucose level is pathological- 
ly inirfdtfJ in diabetes and idreno. 
corneal (Cushing’s syndrome) or 
pituitary disordera (acromegaly), 
after admimttratton of ACTH, by 
in Increase in the amount of circu- 
lating adrenaline, and in Wes. 
nicke'i encephalopathy, it is Jt- 
trtajtdin insutmexccss.ihe dumping 
syndrome, impairment of adreno* 
corneal (Addison's disease) pr 
pituitary function, lesions pf the 
hypothalamus and some liver dis- 




VChole blood 


Plasma oe secum 



Mean 

9J34 range 


Refer- 

Mesn 

WH range 


Hefet- 

Rsmatlii 



in btaekets) 







renioict (mg/l) 





66 

02-130 

32 


Values ftorn 28 iub|etii, dciermmed 

L-Xylulnse 





14 

0-5 0 

I 8 


Values from 56 aub|ceti Inereiied its 
diabetes 

Gilaeioae (mg/l) 

159 

3 4-2! * 

625 






VeJuesfromlMsubjectiideiermineden- 

iymeticaUy, 

Mesolnoaltol (mg/l) 





109 

6 7-tS ! 

21 

*' 

Viluei from 18 lubieeti, determined en- 
»ymeiieally 

Sugar phosphate* (utnWJl) 


Eryihroeytes 








Diphoaphoglyeetie aeij 

4420 

600-8240 

1910 

a» 






PhosphoenolpytuTic aciJ 

88 

36-140 

26 







3 rhosphoglycetic acid 

43 

07-79 

1 8 







Vrhosphoglyccticacid 

612 

36 4-86 0 

12 4 







CKceraUlehyde Vphotphitt 
Dihtdfciayjcetone phos- 

Z.6 

1 1 2-40 

07 







phise 

49 

0-119 

35 







Glucoee 6-pho«phjte 

24 8 

‘ 5 2-44 4 

98 

aa 






rructote 6-phaiphite 

54 

' 3 4-7 4 

10 

aa 






I njefote 1.6.d(phc»phtie 

6 

2 6-6 6 

to 

aa 






rentose S-phosphafe 

18 

0-36 

9 

aa 






Nucleotide pentose 
Sedohcptulose 1.7<liphos- 

3400 

2630-4980 

590 

** 






pKite 

9 

- 

- 







Ocrulose l,SuJipho5plute 

1 3 

- 

- 







{»eLicro»el-pho<phite(rtig'0 
Cord blood 

17 

1-33 

8 

I 




. 

IncteaMdingalictosaemi, 

Cbildrcn, adalti 

0 

0-6 

3 

” 






Clucuronleacid, total (mg/l) 
(a) Quldten, 
iM Men 




1 

65 

32 

196-444 


4. 

Velue. from (b) 56, (c> 44 eubjects dc. 
•errw^d „,H (,) «rii„ore, (b, c. d) 
nsphthoresorcinol Component of elv. 
coproieine (see page 60(5). in eerum oc 
pa«ii'f“"a»n*"'* 

Id) 

' - 

(O-OO 

i - 

i 

1 aa 

32 

23-41 

45 
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Blood - Carbohydrates - Non-nitrogenous Metabolites 



Whole blood 

Plasma or scrum 


Mean 

95% range 
(extreme range 
in br.'ickets) 


Refer- 

ence 

Mean 

95% range 
(extreme range 
in brackets) 

/ 

Refer 

cnce 

Remarks 

Glycogen (mg/1) 

55 

(12-162) 


31 

0 



3t 

In cIvcoRcn storaec disease 

((ig/g hncmoglobin) 


Erythrocytes: 







content of the erythrocyte 

Newborn, 1st day 

155 

(48-361) 


32 





creased®^' 

Children, 1-12 months 

86 

(32-151) 


32 






Adults 

56 

(26-105) 

- 

32 








Granulocytes: 








(mg/10' cells) 

7.5 

(4.7-11.9) 

- 

33 






Heparin (mg/i) 

... 

... 

... 


- 

(1 .0-2.4) 


35 


Protein-bound carbohy- 










drates (glycoproteins) (mg/I) 










Total 



. . . 

... 

2739 


- 

36 

Various proteins in the sen; 

Hcxoscs 





1210 

1170-1250 

21 

36 

cytes, leucocytes and thromi 

Hexosamincs 





830 

750-910 

40 

36 

tain carbohydrates®®*®®. Fo 
hydrate content of the senir 

Sialic acid 





600 

526-674 

37 

36 

tcins sec page 581. The hcj 










serum glycoproteins arc ga 

Fucosc 


. . . 

. . . 


89 

77-101 

6 

36 

mannose, the hexosamincs j 

Utonic acids. 



... 


2.3 

0.8-3.8 

0.75 

37 

ine and glucosamine (in the r 


The scrum level of protein-bound carbohydrates is the same in men and wom- 
en**^ (there is an increase towards term in pregnancy that of sialic 
acid^^' and hexoses^^* increases with age. The scrum sialic acid level in 
the newborn is lower than in the mother‘d®' and attains the adult level 


within 4 months'^®. The scrum glycoprotein level is inertasti in - 
companied by tissue breakdown, in the collagen diseases, and in in 
and degenerative disorders. For further discussion of the pathologi 
in the glycoproteins see the literature^®* , 
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Non-nitrogenous metabolites (for references s« page 608) 


Ethyl alcohol (mg/I) 
Acetaldehyde (mg/1) 


Whole blood 

Plasma or scrum 


Mean 

95% range 
(extreme range 
in brackets) 

s 

Refer- 

ence 

Mean 

95% range 

s 

Refer- 

ence 

Remarks 


« 1 . 5 ) 


34 

... 

... 



For colorimetric determination s 
SHINE et al.®®. 

2.3 

( 0 . 5 - 4 . 0 ) 

- 

36 

... 

... 


. . 

Increastd \n alcoholic pol<oninc. 
detected in the breath when iht 
concentration exceeds S mg/h 

0.10 

- 

- 

37 







Acetoin (mg/1) 



Blood - Non*nitrogenous Metabolites 



tlChole blood 


Fliimaor teru 

" 

Remetks 



9334 range 
{eitretne range 
in brackets) 

■ 

Refer- 

ence 


95% range 
(enrenie range 
Id brackets) 

' 

Refer- 

:,3-Butylene glycol (mg/I) 

1 17 

- 

- 







31ycerol (mg/I) 










a) Children, 8--14 years. . . . 





5.5 

0.9-10 


*» 

Values from (•) 12, (b) IS. (c) 57 

(b) Adults 





75 

X9-12 1 

23 

e> 

gects for the free glycerol Clyce 

(e) Adults 





<< 

0-23 



glyccndcs (see under ‘Lipids’, page 

Volatile acids (mg/1) . . , 

17 



, 

























acid 

Fatty aclde , 









See undec ‘Lipids', page 6Qt 

Malic add (mg/I) 

46 

(2 4-73) 


a 

0.43 

0 19-0 67 

012 

4 

Serum Talues from 14 subjects i 










muted cnzymiiically Increased In 

Succinic acid (mg/I) 










Citric add (mg/I) 










Umbilical vetn, 

16 9 

4 5-29 5 

65 

« 





Viluei (i> from 29 fasting lubiett 

Umbilical artery 

130 

a 2-17 8 

14 

« 





creases by 4-9 mg/l after a meal 

Adults 

- 

(130-167) 

- 

* 

_ 

(192-26.0) 


« 


(a) Adults 





26 

(17-31) 

- 

' 


^ ■ { 

n* * 






. . '■ 


L«ctle»cid (mg/I) 
(a) Umbilical vein 
(a) Newborn, t hour 
(a) Newborn, I day 

(a) Newborn, 2 daya 

(b) \duUt 

(C) Aduld 


I 19<S 

I 160 

I i** 

I 135 
56 

I 90 

I 7* 


6CUJ32 

60-230 

23-260 

6t-2» 

62 2-69 8 

63 4-U2 

Ccythfocyitf 

32-120 


60 '» 
$8 •• 
«7 ’• 

69 •» 

108 >a 

I 22 


Values rrom (a) 16. (b) 69 lubjeets 
ues (bl la arterial blood of fastins 
leeti eompleiely at test. (e> in v« 
blood under the usual eonditions 
eolorimetrie aiiay lee BAaxah et 
for enaymaiie methods «e Oi6w' 


Oxalic add (mgjl) 


(3fh-3.2> 'j - 

.. 

- 

(1 4-2 8) 

. 

ae 

Glyoxyllc acid 

1 

1 


0 

- 

- 

ao 

Pynieic add (mg) 11 


i 






Umbilical veui 

1 

11-131 30 

• 





la) Oiildtm, 2-13 years 

1 6 73 

493-853 090 






(V) Adults 

56 

U-WO 1 22 


64 

2 MO 2 

1.9 




Erythrocyte* 







82 

2 6-13 8 1 2.8 







in ren^l insufficiency* A syndrome 
1 (laciicidotisl has been described' 


Values from IS adults on a normal 


Valuet from (a) IJO. (b) 21 aub 
value, (b) determined enjymslieal 
«m>ua blood of fa, ting ,ubiec 

jods are unstable and ahould ther 


Theblc^ pmicateleTel i, high in the firvbnm and falls during Ike fine day* 
eictieiTunt Pathological incrciicsare aeenin siismui B)dc>i(iciicy,iespmiufy 


alkalo«>a.«evere car 
andlmritiseiae Fo 




a-Kcioglutaclc wclJ (rngd) 
Cord blood 

(al Children, 2-13 yean 
(b) Oiildrcn, adults 


a-Kett)lsoTaleric acid 

(ms/l) 


070-2 02 
0 5-21 
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Blood - Non-nitrogenous Metabolites 



j Whole blood ’ 

i 1 

plasma or $crum 




95% range 

n 



1 95Vb range 

■1 


Remarks 


Mean 

(extreme range 



Aton 

1 (extreme range 





! 

1 in brackets) 

H 



1 in brackets) 

1 

II 



a-Kctoisocapfoic netd and 


1 








a-kctO'P*mcthylvalctic 
ncid (mg/1) 

3.8 

1. 8-5.8 

1.0 

34 

... 

1 

i 

1 

i 

Values from 40 children ai 

O.xaloacctic acid (mg/1) . . . 

1.2 

- 

- 

35 


! 

1 

1 

1 

1 

! 

1 


Ketone bodies (umol/l) 

(.a) Newborn, < 4 hours . . . 

90 

! 

(40-180) ' 

! 

__ i 

25 

1 

1 


1 

j 

Values (a) ia capillary bit 
(b) from 94, (c) from 19 sut 

(a) Newborn, 2-6 days .... 

670 

(90-1900) 1 


35 





larion from values (b) gi 

(a) Qiildtcn, 1 wcck-1 year 

250 

(30-890) ' 

_ 1 

26 

1 

i 



acetone or 14.9 mg p-hyc 
acid per litre. Few metho< 

(a) Children, 1-2 years 

540 

(40-2300) 

- 1 

35 

1 



i 

mining ketone bodies arc $a' 

(a) Children, 2-6 years 

290 

(30-1100) 

- 

35 





Acctoacctic and 0-hydroxyl 
can be deicrmined by specifi 

(.a) Children, 6-15 yc.ars. . . . 

130 

(10-540) 

- 

35 





methods (sec values below). 

(b) Adults, fasting 

143 

5-281 

69 

27 






(c) Adults, non-fasting 

107 

0-247 

70 

37 


i 

1 




25-35'/o of the blood ketone bodies consist of acetoaceiic add and acetone, 
65-75% of P-bydtoxybutyric add^s- ^o.The level is increased by long fasting. 
For the biochemical basis of ketone-body formation see the literaturc^t. 


The ketone bodies of blood arc pathologically inemtti! in untrtati 
glycogen storage disease, alkalosis, CusuxsG*s syndrome and unde 
of growth hormone. 


Acetone (mg/1) 

(a) Childccn, 1-3 years 

(b) Children, 10-15 years. . . 

(c) Adults 

Acetoacetic acid (mg/1)* 

(a) Children, 1-3 years 

(b) Children, 10-15 years. . . 

(c) Adults 

(d) Adults, non-fasting .... 

(e) Adults, fasting 

p-Hydroxybutyric acid 

(mg/1)** 

(a) Children, 1-3 years 

(b) Children, 10-15 years. . . 

(c) Adults, non-fasting 

(d) Adults, fasting 

Lipoic acid (pg/l) 



... 



12 

(0-37) 


28 





9 

(0-34) 

- 

23 

... 

. . . 

... 

... 

2.9 

2.3-3.5 

0.3 

33 





6 

(0-32) 


28 



• • • 

. . . 

3 

(0-28) 

- 

28 


(0.55-2.6) 

- 

33 

- 

(0.80-2.8) 

- 

30 

1.7 

(0.5-4.6) 

- 

30 





3.2 

(1.8-7.8) 


30 









13 

(0-35) 


28 



, . . 

. . . 

9 

(0-25) 

- 

28 

3.7 

(1. 4-9.9) 

- 

30 





9.4 

(5.8-17.1) 

- 

30 





. . . 

... 


... 

15.8 

8.8-22.8 

3.5 

41 


Values from (a) SO, (b) 47, I 
jects. 


Values from (a) 45, (b) 43, (cl 
(e) 7 subjects; values (d, e) d 
enajmatieally. 


Values from (a) 11. (b) 17. C< 
7 subjects; values (c, d) detem 
lymatically. 


Values from 10 subjects. 


• 1 mgjl = 9.8 u.rool/1. «* 1 mg/l= 9.6 umo'/l- 
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Bfood« Vitamins 


0WttlcRiKn K« pigetll) 




VboU blood 




Flsitca or aerum 





TSVt range 
(extreme range 
in hnekell) 

I 

hdtt' 

M»a 

9S5i rasge 
{citreflic range 
an brachett; 

' 

Refer- 
1 eace 

1 

lafDienea (ng/l) 





850 

(200-1990) 

- 

1 

i 

1 Valoes from 133 adults on s d 

1 a nomts! carotene content 

[b» lenm etrotetK level is tiihet high lo»* 

rds term in ptcpninna: 

; in COrrI uundoJ. problblv ■ 


ilood It it tbout 25% of (hit in (r 

le mitcnul bloods. la inlints H 

u oficii for ehJdrra ire vntbin the 

.w 

normal rsnge^ 

Viumln A (ixg/l) | 



1 


324 

1 (207-47J) 

1 

M 

[ 1 

1 Values from 133 adults on a d 
' • DOrtml carotene tnd vitamin 

1 tent 




ti«eim 


* laltieaervm.boueMVi of the nunun A is present it alcohol, the re 

ascMcr.almottallubound to the pliama proteins (see page 457) Se 







lutaiu. Jr it pathologically decreited in infections, in lobular pru 
•arran A may duJppear completely frorti the lefum* 

Vitamin D (lU/D 










Qiildten 

Adults 

Tocopherol (mg/l) 

(«) Card blood . 

(b) Men , . 

(c) Vi’omen . 





2000 

5.7 

10.« 

10.4 

(«CO-2ilX0 1 
000-3100) 

(I O-IU) 
$6-156 
$<h-158 

25 

27 

'' 1 

Vafues by biological method (t 
In the serum, viismin D is boun 
globulins and albumin (sec pagi 

Vilaet (lore (i) (b) 7». (e) 

bf (•) method of Na 
Maea»i* tnd (b, c) method of 
rrsJ," 


Th* i*rum toce(<h<nl It IM'. a-. th« rtmtmJtf 0 tnd Y-'oc«ph«roI*> TW 
Mtum ItTfl <■ incr«wd in prcpunry'^, ii ii dtotiwd m (^e iK«b«>n tc^ 
tiiiMi (ocorh(rol^lt<i«n^ p<(iccxltrl]r c^ttK (^ncnttK libtotu (k« 


Br,„. fed.B/.m.ki»«h,eS«i«run.l«»e|,ih»rt,KoM 


Uhiquinonc (mglD 

Thiamine 
{») Total 
ft.) Tctil 
(c) Totjl 

«) r«c 


"nie ihif mine o( the trythfocylei 
tiflfie The Krum thtemini 
(meen tl J ug'l), highee in the 


1 ! 




0 73 j 

(040-11$) 

- 

•• 

1 

I (20-75) ' 

. 

.7 


(18-62) 



1 

: (20-41) 

- 

•• 

- , 

(5-lS) 


,e 

1 * ' 

1 (iO-70) 

- 

«• 



j ‘ i 



1 (65-114) 

1 








memtf rrropbmfihit 
let irmriJi term in r^gnener 
Kin ii ns/D’o The Ul u ihe 


^.heocyte Oiumme pTrophotpnite 
jd aiignotiicallr m the ttiniketoltte u, 
leeetwtov nj miu/in depemirnT dubeiii 


The lerum eontjini ukii^ginone- 


Vtlaei (.) UfHn 133 (vhpl, t|p 

I28(eefum)»uhf,ei.«fc,erm(vd 

ee-oi-r^e,,,. „|„j, j^) Uan, 

jecM tfciermtned \y OrieMwee, 

•"•M, reluri (e) fiom tl lubl 
ihioehr-,m« meiht>d Toitl ihi. 
determined ,f,«, hrdrnly.J, pf 
•mine pfrophowphtfe 


>n ihumln. deficuirLey Itm 
««p*ge<70) TVeWoodti 


Riboflavin 

(I) Totil 

(•) A» TMN »nj r,\D 

(b>Tcrtal 

rb) AtF^n 

fbi Ftee »nd ■« FMN 

'Cl 

(J) 

(e) {uK/10» cells) 

Vitamin B, 
Totilactivitf (uR/I) 

(b) Men 
(i) Women 


(*) 



668 

(49-104) 







M,| 

(*3-71j j 


»» 









32 

06-37) 


i. 


i 



24 

(>8-30) 


t] 





8 

(3-13) 

_ 

tl 


CrythrcKT.,, j 

1 


1 




224 

(160-262) 1 








Leucocytes 

1 






2520 

(2270-2930) 

- 

« 





0 62 

018-106 ' 

|022 

** 





37 

1 (^-45) 

1 - 

,, 

44 

(30-80) 



19.2 

( (6B-T7) 

1 - 

*• 





17 7 

f (4,4-76) 


»* 






Eryrhr'srytea 







20 

, (13-31) 


1 


1 

1 

1 



Vilue, determined hy me.a,j,(, 

WM 

For^thod.cfdere,m.n,ne,.„ 

.ndp.ee. 


' bloTNi It pfoh.KJTtrwnrTtKiclopTnJoeiiphi^ 

«tKteni-t' The blixidtevei le eerherlpwdariii^ 
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Blood - Vitamins 



Whole blood 

Plasma or scrum 



Mean 

95% range 
(extreme range 
in brackets) 

/ 

Refer 

cticc 

Mean 

95% range 
(extreme range 
in brackets) 

/ 

RcfcJ 
j cnee 

Remarks 

I’yridoxnl phosphate (pg/l) 

(a) Birth ~1 year 






(6.5-57.1) 

16.7 

33 


(b^ 20-29 yenrs 


... 

» « . 


36.3 

11.3 

Values from (a) 14, (b) 13, (c) 11, ( 
(e) 40 subjects by the tyrosine dcca 

(3.8-21.6) 

5.7 




» • « 

* * . 

• • • 

33 

(c) 30-59 years 

. . . 

. . . 


» * . 

7.1 

(2.4-12.4) 

3,0 

33 

y/ase method. 

(ti) 60 years and over 

. . . 


. . . 

- . . 

3.4 

(0-13.5) 

3.0 

33 


(c) (pg/lO* cells) 


Leucocytes: 








- 

(0.14-0.36) 

- 

34 






Pyricloxic acid (pg/1) 

1 “ 

(100-130) 


31 ' 




... 

Values from 3 subjects determined 

Nicotinic acid (mg/1) 

(«) 

... 

(3.9-9.6) 

1 

~ 1 

29 

1 __ 

(0.016-0.05) 


29 

1 roiTjctrically. 

1 Values from (a) 28, (b) 39, (c) 46 

(b) Men 

G.55 

1 5.32-7.78 

10,615! 

3$ 





1 jeets by means of (a) Tetrahymna 

(c) Women 

6.05 

4.59-7.51 

0.730 

! 35 

1 




formiSt (b, c) Laetcbactllus arabinsits. 
In whole blood the nicotinicadd ex 










almost exclusively as nicotinamide 
nucleotides (NAD and NADP) in 
cells (in the erythroc>*tcs 60-90 mgj 
the leucocytes 88 mg/1, espresse* 










NA.D2S). 

I'Methylnicotinamide (mg/I) 

Vitamin Bu (ng/1) 





0.017 

1 


36 

After ingestion ofnicotinarrdde the 
ta boli tes 1 -me fhyl-2-p jiidonc-S-eafl 
yhimidc and 1 methyl-4-pyricJone-5- 
boxylamide are found in the plasrtu' 

(«} 



... 


611 

277-945 

167 1 

33 

Values from (a) 39, (b) 223, (c) 28. 

(b) 

■■■ 

(120-450) 

••• 

... 

356 

(100-900) 

1 

- 1 

39 

3, (e) 50 subjects determined by tu 
(a) isotope dilution, (b) £»•///« 

(c) 

- 

- 


- 

(140-640) 


16 

(c, d) Ochrownas nalkanntti, (e) Ls 



Erythrocytes: 




1 



batiUus Itiehrtafinu. For discussion 

(d) 

74 

(59-88) 

_ 

40 


i 



methods sec the Utenture^^. ^3. 

(e) 

213 

(110-500) 

Leucocytes: 

- 

4f 

1 

j 

j 

1 

i 

! 


(ng/kg) 

- 

(500-4300) 

- 

42 

1 

1 

j 

1 

} 


(ng/10® cells) 

- 

(2.45-6.65) 

- 

42 

j 

) 





About 80% ofthc vitamin Bi 2 of the scrum is not utiiizable by micro-organisms 
unices it U ilrst Ubwat^d by heating. This part is bound to ai- and a^-globu- 
Afost of the vitamin Bis activity of the scrum appears to be due to 
mcthylcobalamin^s. The serum values show a lognormal distribution**®. 

The scrum level is rather low during pregnancy**^- in the cord blood it is 
higher than in the maternal blood‘d®. 


The scrum level is pathologically dfereareJ in pernicious anaemia, canect cl t 
stomach, gastnc resection, lesions of the sm.ill intestine [malab'oT*’ 
syndrome), fish-tapeworm earners and alimcntar)* vitamin Bu deficiency {> 
example in vegetarians); it is ifTCfrafc</ in, Uver and renal diseases, duibctcss 
Icukacmia’^^- Serum values below 100 ng/1 arc indicative of severe c-f 
taency of the vitamin (megaloblastic anaemia). 


Folic acid (pg/l) 

(!^) 

12.0 

(3.0-20.0) 


50 


(b) 

6.35 

(1.5-25.0) 

- 

SO 


(c) 

89 j 

(47-149) 

- ' 

50 

8.2 

(d) 

1 ! 

327 

1 Erythrocytes; 

(184-655) j 


Si 

9.4 

(ng/lOo cells) 

(e) 

2.6 


1.8 

52 

! 

(c) 

64 

Leucocytes; | 

42.5 

52 

1 

1 


... I Values from (a-c) 43, (d) 27, (c) 

I jeets determined by means of (a) Si'-- 
I eacen/ fatcaht^ (b) Pt^irnKOit 

1 (c^) fJsei. Only vnt- < 

' ' latter can 5-mcthyUctrabydmpt'y’^l 

* Si ' gh\tamicacid,thcmostimyorranftt‘^ 

j j ber of the folic acid protin in 

j I dcfemiinccl (see page I'or 

j j of determination see the Uicnnirc" 


! 


Of the serum foHc acid 64% is protcimbound®'*. 

Durinc pregnancy the scrum level is often low^^* in the cord blood it is 
higher than in the maternal blood®®, but falls during the first weeks of life®®. 
It is pathologically decreased m diseases of the small intestine, chronic poly- 
arthritis myelofibrosis, carcinomatosis and dietary deficiency of the vitamin; 


values below 3 jig/l indicate severe folic acid Ocficjrncy (tncKilc'. 
anaemia)®^- ® * . The folic acid content of the leucocytes is increa <cd in m] r ^ 
leukaemia®^, llic concentration in the cr>'tlirtx:>'tcs and uholc 
indication of the amount of the vitamin stored by the 


\3ncon)\Agatcd pterins 

(tig/i) 


(27-70) 


13 

1 Erythrocytes: 




i 

i 


j (li-O) i 

I i 


I 


I ! Determined by means o: ' 

j (icuhta. 



Blood - Vifamlns 


6 



W hole blood | 

Plueniot serum 



Mnrt 

(e«ri*rrle‘nnge 


Refer 

Mrsn 

OS’Arenge 

, ! 

1 Refer- 

Reimrks 



in braeket.) 




la bradcets) | 


mu 


Diotin (ng/l) 

(i) Irtfant* 

324 

(147-555) 

114 





1 

1 

Vslues from (a) 30. (b> 25. (c) 12 ■' 


258 

(120-422) 

74 

7t 





jecti by means of (a.b) Lt.lobaiillitipl 
tafitn^ (c) Otinmonat danua 

W 

- 

170-270 

- 


' 

1 213-404 

- 


P»n(oth«nlc odd (uc/l) 

(0 Total 


(230-2075) 




! (200-1650) 



Values frnm (s) 29. (b) 30 subjects 

(b) Total 

464 

392-546 

41 

»» 





mesns of L*tiohai}llHi pUntarum 

(b)rtee 

23.7 

0-587 

15 

** 







t... .. ..v 

... iV. -.Ml— .1 .ppppNt € 

e, Tbe bloodleeclis. 


m ih. newborn the lereli. .bout 5 

limei higher thin In the m 

atetnelblood^ 

» »c 

ute eirtheKK liver*', Ven 


i theumstoid irthritis** 

Aacotbk icicl (mjt/l) 

(a) Sfen, 20-30 yeari 

i 5 07 

1 

1 (224-8 80) 

1 

1 - 


4 76 

(1 96-8.76) ; 

- 1 

fj 

Values from (s) 11, (b) 7, (r) 558. fd) : 

(b) Women. 20-30 years 

es4 

t (5 17-128) 


** 

8 97 

(6 24-14 1) 



(e) SOsubjccii, vsluri (a-c) determir 

(e) Children, 10-13 jean 



i 




■ 


methods see Res ec it ** 

(uf5/10* cells) 


1 Uueoeytei 

1 







(d) J8-45 years 

350 

' 210-530 


»« 






(e) 60-01 years 

134 

20-360 

- 

** 



1 ! 

i 



' lA woiTKB ihi» ptopofiioa flviriuiiei during the mentiruil tycle** Admir 
• iniion^^ <nriKos«rwdi ceuKi dehydroncotbie leid to diiigpetr from I 
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Erythroblasts 


Erytlirobl.istsnreall niiclcntccl precursors ofthc erythrocytes; the 
term includes the pro-erythrohlssts, the erythroblasts proper and 
the normoblasts. Under physiological conditions the peripheral 
blood contains only the last-named - and only during the first two 
days of life. The normoblasts closely resemble the erythrocytes in 
respect of plasma-staining, haemoglobin content and size. The 
erythroblasts proper arc polychromatic in plasma-staining, the pro- 
erythroblasts basophilc. 

Dy tryl/irolilatlosii is understood the entry of erythroblasts into 
the peripheral blood ; it is always a sign of increased crythropoiesis 
and is therefore usually accompanied by tcticulocytosis. In the new- 


born (including premature babies and young infants) they 
indication of persistence or recurrence of extramedullary bloc 
mation and at the same time of an abnormal relationship be 
the intensive erythrocyte formation on the one hand and the 
lute and relatively small bone-marrow volume at this age c 
other. Severe erythroblastosis of 50-100-500 or more erythro 
per 100 leucocytes in the early days of life is almost always a si 
severe haemolysis due to blood-group incompatibility bei 
mother and child. In later infancy and childhood the main ou 
peripheral erythroblastosis are haemolytic anaemia, haemorr 
anaemia, and occasionally leucosis or cyanotic heart defects. 



Mean 

Extreme range 

B 

69 

Remarks 

Number (per 100 leucocytes) 
Cord blood 

1 

3.2 

1 

(0-30) 

1 

1 

1 

Method: Counting in GiCMSA-staincd blood smears. 

Newborn, 1-10 bouts 1 

1.6 

(0-16) 

- 

1 


Newborn, 2 days ^ 


(0-1) 

- 

1 ' 


Adults 1 

0 1 


1 - 

' i 



Reference ’ v. Dorovicz^nv and DatLiJ, 38, 196 (1957). 


Reticulocytes 


Synonyms : Vital-granulated erythrocytes, vital-staining erythro- 
cytes, pro-ctythrocytes (Undritz'), polychromatic erythrocytes. 

The reticulocytes arc erythrocytes of more than average size and 
more resistant to haemolysis. There is a sex difference in the reticulo- 
cyte count of 3-5 per thousand (see table below). The number of 
reticulocytes increases with any increase in erythrocyte formation, 
i. e., continuously in chronic haemolytic or haemorrhagic anaemia, 
suddenly and persistently for days or weeks in the reparative phase 
of pernicious anaemia and cry throblastopenia, to a lesser extent also 
in iron-deficiency anaemia. The number of reticulocytes decreases 


in aplastic and hypoplastic anaemia, after transfusions and ai 
long-continued administration of oxygen. The extent to which tci 
ulocytes ate released from the bone marrow is in general a mcasi 
of the extent of erythrocyte formation. 

The wide fluctuations in the data given in the table 
normal reticulocyte counts arc due to differences in the methods 
measurement. The better the method of staining, the highet t 
reticulocyte count obtained (as in counts in smears stained «t 
brilliant crcsol blue). 



Mean 

95 % range 
(extreme range 
in brackets) 

X 

Refer- 

ence 

Remarks 

— 

Number i 

] 

1 

i 

1 


Values for adults by direct measurement. For newborn values sec bek'r 

(per pi) 

- 

10000-50000 

- 

3 

(per 103 erythrocytes) 

1 

1 

7.5 

1.3-13.7 

3.1 

<3 

Values for adults. For newborn values see below, for values in 
other adult values see the opposite page, (\^alucs for children m agree 
Washburn^.) 

Diameter (pm) 


(8.0-9.0) 

- 

5 

1.0-1.5 ixm greater tharx that of erythrocytes t.1-1.2 times eotK 

diameter). 

Thickness (pm) 

- 

(4.5-5.5) 

- 

€ 

1 Erythrocytes 1.8-2.2 jim. 

Volume (fl s pm3) 

Infants 


(200-230) 

_ 

6 

Erythrocytes 5 pLm^. 

Adults 

- 

(250-310) 

- 

6 

Erythrocytes 85 


Reticulocyte count during 1st day of life ^ 


Hours 

Per 103 
erythrocytes 

Per pi 

At birth 

25.4 

126000 

2 

35.9 

IfibW 

4 

6 

40.0 

190000 

26.6 

95 1 

148000 

119000 


Reticulocyte count in newborn (values per 


Days 

FAXi'.N-S 

Snipt'3 

1 

22 

52 

2 

20.4 

50 

3 

16.6 

52 

4 

10.7 

45 

5 

5.3 

33 

6 

4.8 

18 

7 

3.8 

13 






Reticulocyies 


Reticulocyte count in chiJdhood (pet 10> erythrocytes'*) Kedcutocyle count in adults (values per 10> erythroc>tes) 



Age 

Mean 

9SS range 


1-24 hours 

39 2 

- 

- 

1-7 days 

223 

- 

- 

7-10 days 

10 6 

- 

- 

10-30 d»ys 

79 

0 3-15 5 


1-2 months 

12 9 

0-27.7 

7.4 

2-6 months 

10 6 

0-24 8 

7.1 

6-12 months 

7.5 

0-17.3 

4.9 

1 year . . 

7.5 

0-16 3 

44 

? vrsrs 

7.1 

0-151 

40 

S r« 

72 

0-15 4 


4 yrsrt ... 

8 1 

0-181 

50 

S yesrs ..... 

82 

0-17.2 


It y^.«r« 

7.5 

0-15 5 


7 years 

76 

0 6-14 6 

3.5 

8 years 

68 

0 4-13 2 

32 

9 years 

7.5 

0 9-14 1 

3.3 

10 years 

7.6 

1 2-14 0 

3.2 

11-lS years 

7.4 

0-15 4 

4.0 


Rtfeunees 



' UNOItTZ. E.. Pint miJ aVl>'.<3. t«ei (1»T) 

* PjOisuAM.S B.. 


1)45. r*«< 223 
* VAT10N,CJ./4nl lA^ 
' WAtUU-SM. K il . *<«« 
' PiiiONt, F.L,/ th* U 


Hn 797 (1950) 

••ru.7.415 (1929) 



Erythrocyte* 

(I'ot ohophyutsl tn JehAmie*) 4 a** m* voder 'Olood'.ragr<35T-4ll, for rererenceiice page 61$) 


1 

1 

Mem I 

1 

95*.i tinge | 


Uf«t 

Remitki 


1 


1 



(red blood count. RDC) 







llaemaiocrit value (Hi) 




1 1 

1 See <e>t, p>g< 614, and cable. 


(pjcked cell volume, PCNT 

i 

1 




Diameter (urn) 

(A) 

8 56 j 

8 14-898 1 

021 

;-i 

MiccoKop<c ineisureiMnlioi 

leryihrocyteiof lOpertntis (a) utdmduj* 
parationi, (c) rouleau* See leal, page6‘*- ' 

(b) 

1 ’ IJ 

6 31-7 01 

040 


»<« pceparalions, (b) dry pre 
..Mc.p.*e4t7 

(c) 

1 8 70 ' 

1 8 12-9.28 ' 

029 

1 


Thickncit (iim) 

(A) 

‘ 19 

1 

1 175-2.1 



(a) and (b) cileuUted from the 

jungle eellrolume and ihe cell diameter, ^*3 " 

(b) 




1 a 

prcpsralions. (6) dry prepar* 

finni, (c) mtcroKopic mcaiurcmenti on P* 

(c) 

1 164 

1.50-178 ' 

[007 


1 tons Seealsoleai, page 614 


SurfAee area (um') 

1 1450 

[ 128-162 

83 

. 

CalcuUwd froen <hc cell diam 



1 163 

1 












Volume (ft as um') 

1 861 

, 73 5-987 

63 

« 

Calcvtieed fmm the ceU dierr 



j 

1 



and table, page 617 


ir eight (pg) 

; 96 8 

1 - 

702 


Valve* hire lognormal Jiiiri 

buuon 

Haemoglobin (lib) content 

i 


1 


See ten, page $!}, and (able. 

r»ge«I7 


Erythrocyte count 

t/r/Wf *P*»kingonlyt«>the»etiorjofcouminR The errors •siociafei^ 

■yVe toutviiriB tn«>iod» uil) used m most Viiboritories ate • • . 

suhiect lo conskjerjble error, the coerficicnt of Tarialim trt the . . , 

results RiTetx hv difterent nethods b<in(? 10-I5'«». AuComatsc . . , ' 

CTMinti'ig appsrinis IS more ptetisr, though this applies properly ■ i 
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Erythrocytes 

(ror other physical and chemical data see under ‘Blood’, pages 557-611 ; for references sec page 616) 


Counts made with the aid of ’^P-tagged erythrocytes have given 
considerably lower figures for the total numbers of circulatingcryth- 
rocytes than calculations from the concentration in the peripheral 
venous blood. The erythrocyte concentration of the peripheral 
blood therefore represents an absolute value of practical diagnostic 
use only when the total blood volume is measured at the same time. 
This is shown clearly for example in the first hours of life, when the 
erythrocyte count often rises to over one million per mictolitrc 
while the total blood volume is reduced. 

For details of the various methods of counting see the literature'’. 

Physiological characitrislies 

In the newborn the erythrocyte count fluctuates to a greater ex- 
tent than at any other time of life, even under constant sampling 
conditions. It is also dependent on the site from which blood is 
drawn. During the first days of life the capillary blood has up to 
half-a-million more erythrocytes than the cord or venous blood^. 
The time at which the cord is clamped has an effect on the count. 
Immediate clamping prevents the passage of a quarter to one-third 
of the total blood volume available to the newborn child in the 
placenta. For this reason the erythrocyte count after a few hours in 
such children may lie about 1-1 '/i million per mictolitrc below the 
normal level. In the newborn the erythrocyte count rises to a maxi- 
mum after a few hours since the initially high blood volume is re- 
duced by the passage of blood plasma into the tissues*. The erythro- 
cyte count falls steadily from the middle of the first week of life up 
to the middle of the third month owing to the gradual slowing- 
down of erythropoiesis. The physiological polyglobulinaemia of 
the newborn is followed by physiological oligoglobulinacmia in the 
3-month child. 

During pregnancy the erythrocyte count falls*. In general the 
erythrocyte count is dependent on the partial oxygen pressure of the 
atmosphere and therefore on the altitude. Thus the Indians of the 
uplands of Peru show marked polyglobulinaemia, beginning in 
childhood. A very considerable increase in altitude is thus equiv- 
alent to an anoxic stimulus to erythropoiesis, descent from a high 
altitude (like administration of oxygen) to an inhibition. Emotional 
effects like anxiety and excitement can result in ‘stress erythro- 
cytosis’, probably as a result of the movement of plasma into the 
tissues. 

During puberty a sex difference in the erythrocyte count of about 
half-a-million develops. 


Haematocrit value 

- The haematocrit value is the proportion of the volume of the 
, peripheral venous or capillary whole blood occupied by the erythro- 
cytes. On the body haematocrit sec page 554. The haematocrit value 
is dependent on three factors, namely the erythrocyte count, the 
mean corpuscular volume (sec below) and the plasma volume. Since 
the ratio between the mean corpuscular haemoglobin (see the oppo- 
site page) and the mean corpuscular volume varies between only 
narrow limits, the haematocrit value has almost the same signifi- 
cance as the haemoglobin content of the whole blood. 


Measiiremeni 

The haematocrit can be measured by a variety of macro- and 
micro-methods. The best methods are those using high-speed 
haematocrit centrifuges and microhaematocrit capillaries"’. The 
haematocrit value depends on the speed of the centrifuge, the time 
of centrifuging and the viscosity of the blood. The amount of pl.tsma 
trapped between the packed erythrocytes is 1-9%, depending on 
the method”; the proportion after centrifuging at 14 000 for 
40 minutes is only 0.45%'*. 

See also the literature on haematocrit measurement'*. 


hysiologhal charackristics 

Bv its nature the haematocrit varies in a manner similar to the 
vthrocyte count in newborn children; thus it is dependent on the 
me the cord is clamped'", rises during the first hours of life and 
Ik UD to the third month. From this time onwards, however, it 
-haves differently to the erythrocyte count. \Vhctcas the latter 
•mains more or less constant ot uses slightly, the haematocrit falls 
because the newly-formed erythrocytes arc low in 
iS^Slobin and therefore smaller in volume. The haematocrit 
the erythrocyte count in respect of sex difference, 

dSi?/ ” I””' 

ressurc of the atmosphere. 


Erythrocyte diameter 
Measiircmtiil 

Two basically different methods ate used to measure the : 
erythrocyte diameter, micrometry and halometry' *.The latter r 
od is simple, time-saving and adequate for routine use. Mea 
ment on blood smears or on optical projections of smears hav 
advantage that the distribution as well as the mean value is obtai 
as in blood-volume measurements the former may be of diagn 
importance. Distribution values, however, should be based on 
surements on at least 1500-2000 cells'*. 

On methods of measurement sec also the literature'*. 

Physioiopcal characteristics 

In the newborn the erythrocyte diameter is likewise high, the 
unlike the erythrocyte count it continues to fall not only up to 
third month of life but, as a result of the formation of new cryt! 
cytes low in haemoglobin, up to the end of the first year. The v 
may fall to a mean value of less than 7 pm. 

Pathological characteristics 

In pernicious and similar anaemias the erythrocyte diamete 
high and shows a particularly wide variance. It is fairly higf 
aplastic anaemia, low in iron-deficiency and sideroachrestic ar 
mias and spherocytosis; in the latter condition a particularly imp 
tant characteristic is the normal erythrocyte volume. 

Numerical eccentricity 

Deviation of the shape of the erythrocytes from the truly spheri 
is expressed as either the axis coefficient K or the numerical ccci 
tricity e as follows : 



where a = the larger, b = the smaller diameter. For the determir 
tion of these values by nomogram see v. Borovicz^-'ty'*. Normal 
74.4% of the erythrocytes are spherical, 14.9% non-spherical, S.2' 
elliptical and 2.5% grossly elliptical. 

Predominance of regularly oval forms is known as elliptocjtos' 
and is a dominant inheritable anomaly of no clinical significance i 
which all erythrocytes arc similar in appearance. Symptomat 
elliptocytosis of varying morphological and numerical degrees < 
severity occurs, usually associated with poikilocytosis, in pcrniciO'- 
and similar anaemias, occasionally in leukaemia and rarely in sever 
infections. 

Morphological variations 

Poikilocytcs arc erythrocytes of irregular shape and have ^ 
extremely wide range of size. Usually they indicate a disturhino 
of erythropoiesis and arc probably formed by the extrusion ot ■ 
mass of erythroblastic or normoblastic plasma. . 

Round cells (sphcrocytcs), basket cells, target cells and sickle ce ■ 

arc mostly phenotypic manifestations of haemolytic anaemia ‘ 
to metabolic disturbances. 

Erythrocyte thickness 

The thickness of an erythrocyte is an arbitrary dimension sm.' 
the erythrocyte is not a true rot.ition ellipsoid but a disk with ' 
era! indentations. It is of significance only when showing 
deviations, namely in spherocytosis of hereditary origin an ^ 
phenocopy. During haemolysis the thickness increases to 
while the volume remains constant ; this results in a Jl. 

osmotic resistance of the cell. In iron-deficiency and sidcro’cit 
anaemias the thickness of the erythrocytes is less than I-’ !"”• 
that there is an increase in the osmotic resistance. 

Measurement 

By direct microscopic measurement ot calculation from the^c 
rocyte volume (mean corpuscular volume) by dividing by tne-M 
of the radius X rr. 

Mean corpuscular volume (MCkO 

In contrast to the erythrocyte count and haematocrit, ah'. ^ _ 
dependent on v.uious "factors, the mean corpuscuhr volun. 
absolute quantity, i.c., it has an individual though .almost co ■ 


Erythrocytes 


(roc oihet ph7»c>l ond chemical data ace under 'I 

,\ie Mciiuted values ate of coitte mean values and Idte other 
jlogicjl data exhibit variance With the aid of modern automatic 
fthrocyte counting instruments it is possible to obtain disitibu- 
in curves of the mean corpuscular volume In the diagcKisis of 
aemia such curves are capable of giving even more information 
an the itself very useful mean corpuscular volume. Thus in aptas- 
hypoplastic and especially pernicious and similar anaemias the 
can corpuscular volume is high, whereas m iron-deficiency and 
Jeroachrestic anaemias it is low , A high mean corpuscuiat volume 
n be simulated by a high reticulocyte count since the mean tetic* 
:ocyte volume is three times greater than the mean corpuscular 
:)|ume Macrocytic haemolytic anaemia usually consists of normo- 
(tic anietnii accompanied by teticulocytosis The high mean cot- 
uscutar volume of the newborn is also partly a result of the reb- 
,»ely high reticulocyte count, 

/««/»rv»roi< 

The mean eorpuscul it volume is calculated by dividing the hae- 
miocrit vilue (m litres per litre) by the number of erythrocytes m 
litre of whole blood The normal range so calculated u 80-900 
55 urn*) 


Mean corpuscular haemoglobin conccnitatlon (MQIC) 



aod’, pages SS7-6I}, for references tee page £16) 

The ctslour index must be corrected by several factors if ic is to 
the satne information as the mean corpuscular haemoglobin. 

Haemoglobin content of the whole blood 
The haemoglobin content of the whole blood is the mean 
puscubr haemoglobin multiplied by the number oferythrocy 
the volume unit used For (his reason it rises and falls ^ih wit 


The recommended standard method is that of photometri 



under pathological conditions there is little variation, to that true 
diminutions of eoneentrarioo by 30%, such ss are found meitreme 
iron Jefieirncy, are of considerable diagnostic signi/ieanee 

UftSiarewii/ 

The mean corpuscular hiemoglobm eoneenrration (m grammes 
pet litre etythrocyies) is calculated by dividing the haemoglobin 
concentration of ihe whole blood (m grammes per lute) bv the 
hacmatocni value (in litres pet lute) 

The sole {Jijtiotinieaj ihartiitruue is (he fairly high value ar birth, 
this falls to normal by the end of the first month of life 


Phjsiologiial tia'acltriifiei 

Thebaemogiobmeoment issubjeettomuththesamevariatK 
the erythrocyte count (pages 613-614) and haematocrit value i 
6l4),pa(iicubtly the latter Thusford blood contains about 16 
venOM^blot^M the first day of life about 182 g/1 and cap 


Mean corpuscular haemoglobin (MCH. Hbv) 

I ike the mein corpuscular volume, the tneancorpuseubrhaetno 
globin mseati hatmoglnbin content of a single crythsocyit) isa scat 


below 31) pg 11 know n is hypochromia and is characrerm ic of ifOO- 
defii-ieniy and iidetoachiesiic anaemias 


The n'eancorpuseulir hicmoglobm H calculated by dividing ihe 
hiemoglobin concentration of the whole Hood (in grammes per 
litre! by the number of erythrocytes in 1 litre The normal value 
ii3tt-32pg(pgHl0-i«g) 


PSriw.ffji.j) i<iaraelfr„it,s 

The mean corpoKular haemoglobin is likewise high in the new- 
biifn and undergoes nochmge during Ihe first day of life Irthrn 
tails to normal by the third mcnih and to moderately hypochromic 


Viwuetty* •*. 

o! WMii. Lowed ,nd incroisnl j 

'“■■“"•"'I’ ■" rnora,, md d«r.... 


r fatal katmoghiia 

Thebtoodofthevervearlvro.w... 
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Erythrocytes 

(For oiher physical and chemical data see under ‘Blood’, pages 557-61 1) 



Mean 

95% range 
(extreme range 
in brackets) 

S 

Refer 

cncc 

Remarks 

Lifetime (days) 






(a) Premature infants 

- 

(70-90) 

- 

37 

Measurement: (a) and (b) by Ashby*s differential agglutination mcthoc 

(b) Adults 

117 

(110-135) 

- 

s 

and (d) with “N-glycine. The best method is that using »5P-di-isop! 

(c) Men 

(d) Women 

120 

- 

- 

3a 

fluotophosphate; for detads of methods see the litcramre^s. 30. lifc^ 
120 days corresponds to an erythrocyte turnover of 0.83% pet day. Pa 

109 

“ 



logical changes in the lifetime arc exclusively reductions'^. 

Half-life (days) 






Premature infants 

16 

- 

- 

37 

Measured by means of^'Cr-tagged erythroc>-tes. In adults the half-lifeamo 

Newborn 

24 

- 


37 

to about a quarter of the mean lifetime. 

Infants, 3 months 

28 

- 


37 


Adults I 

29 

(25-40) 

- 

39 

1 

i 

i 

Osmotic resistance (concentrat 
(ft) Cord blood 

1 

ion [Vo] ( 

1 

i 

afthcNaCl soli 

1 

jtionu 

i 

ised) 

hfeasured on (a) 16, (b) 14 and (c) 18 sub/ects. For details of methods sec 

5% haemolysis 

0.502 

0.46-0.55 

0.022 

at 

literature^* the results arc affected by the temperature, nature of the a 

50% haemolysis ........ 

(b) Newborn, 2-5 days 

0.422 

0.38-0.46 

0.021 

31 

coagulant used, pH value of the haemolysing solution and bilirubin cont 
of the blood. Complete haemolysis of the erythrocytes occurs in 0.33-0.3- 
NaO solution (see diagram below). The more nearly spherical the cryth 

5/4 haemolysis 

0.474 

0.34-0.51 

0.019 

31 

cytes, the lower the osmotic resistance^* 93. 33^ Sphcrocytes arc therefore tn 

50% haemolysis 

(c) Adults 

0.395 

0.36-0.43 

0.016 

31 

readily haemolysed, whereas the thinner cr^'throcytes are more rcststa 
Young mature erythrocytes arc more resistant in hypotonic media than t 
crythroc>'tes'5^. Eiythrocytts from venous blood have a lower resistance tl 

5% haemolysis 

0.475 

0.45-0.50 

0,012 

31 

those from arterial blood-^^. 

Patkologisal {kangts9>93^ hfarkcdly reduced in congenital haemolytic jaund 

50% haemolysis 

Metabolism (panolpet 10*> eryi 

0.424 

throcytes 

0.40-0.44 

0 

0.010 


and occasionally in haemolytic jaundice due to the presence of abnormaJ ar 
bodies^^, increased in polycythaemia vera. thalassaemia nujor (resistance i 
creased up to a NaQ concentration of 0.03%) and in sickle-cell and hyp 

Oi uptake per hour 

2.7 

0-5.5 

1.4 

37 

chromic anaemias. 

CO, formation per hour .... 

2.5 

0.3-4.7 

1.1 

37 


Pyruvate formation per hour 

1.9 

1.1-2.7 

0.4 

37 


Lactate formation per hour . . 

38.4 

26.6-50.2 

5.9 

37 



Osmotic resistance of erythrocytes'^-^ 
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Leucocytes 

(For other physical and chemical data sec under 'Blood', pages 557-fil 1 ; for references see page 620) 



Mean 

95% range 

s 

Refer- 

ence 

.cucocyic count 

(white blood count, WBC) 

.cucocytocrit (mi/1) 

(leucocyte packing volume) 

~2.5 

... 


... 

)iamctcr 

. * . 

, . . 

• . . 

> . • 

Volume 





lalf-lifc (hours) 

Jranulocytcs 

)smotic resistance 

6.6 

3.8-9.4 

1.4 

3 

Metabolism (mmol/10** 
leucocytes) 

)2 uptake per hour 

Jlucosc consumption per 

4.0 


- 

6 

hour 

14.0 

- 

- 

S 

-actate formation per hour . . 

30.1 

- 

- 

s 


Remarks 


See text below and table opposite. 


Proportion of volume of the whole blood occupied by the leucocytes; 
culated from the leucocyte count and mean leucocyte volume. 



Diameter^ 

(urn) 

Volume^ 

Neutrophils 

10-15 

450 

Eosinophils 

10-15 

450 

Dasophils 

10-15 

450 

Lymphocytes 

7-18 

230 

Monocytes 

12-20 

470 

Neutrophil myelocytes 

12-18 

- 


Measured on 45 men by the ®*P-di*isopropyl fluorophosphatc (DFP) methi 

After 6 minutes* exposure to 0.2% NaCl solution 55-'75% of the Icucoc)* 
remain unchanged^; mononuclear cells arc less resistant than granulocyt 
The resistance increases with age. It is increased in inflammatorj’ Icucocj'to 
as a result of the increased number of young cells and in most forms ofmj’cloi 
decreased in leucopenia and pancytopenia. 


Values depend on the composition of the incubation medium. 


jcucocyte count (see also the table opposite) 

■{easuremttU 

Visual counting in a counting chamber or automatically using 
blood-ccll counting apparatus. In respect of the range of error and 
ounting differences the remarks on pages 613-614 on erythrocyte 
ounting also apply. For discussion of methods and bibliography 
ce the literature^. 

'Physiological characteristics 

Like the erythrocyte count the leucocyte count in the newborn 
' by one-fifth to one-quarter during the first hours of life (sec 
As with the erythrocytes, there is a difference between the 
:ucocytc count in the capillary and venous blood in the period 
3 Uowing birth, the count in the venous blood being 1000-1500 
3 wet. During the first days of life there is marked neutrophilia and 
3 a lesser extent monocytosis ; the period from the 2nd week up to 
be 4th year is accompanied by lymphocytosis. 

Slight neutrophilia occurs towards the end of pregnancy, during 
ihysical work, emotional excitement and convulsions, and after 
aking adrenaline. 

There is no sex difference in the leucocyte count®. Daily rhythms 
s well as seasonal and climatic fluctuations have been reported. 


’Pathological characteristics 

Lcucocytosis usually consists of an increase in the number of 
icuttopWls. It occurs in many infectious diseases, in all suppurative 
■onditions due to cocci, in poisoning by various metals and drugs, 
n diabetic ketosis, in many cases of malignant tumours, in gastric 
.liindenal ulcers in gout and in coronary thrombosis. Excessive 
' uc^ytosh ST;!^ ‘he granu ocyt« 

Dccur/in tuberculous disease with typho.d-likc symptoms. Myeloid 

promyelocytes o :^(.„asc in the lymphocytes in children is 

cytosis ing cough and acute infectious lymphocyto- 

"cocytosTs due^o^he ptescncc of lymphoid monocytes is 





Leucocyte count per microlitre from birth until IS years® 



to radiation. Leucopenia consisting of lymphocjtopcnia or even 
alymphocytosis is characteristic of many antibody-deficiency syn- 
dromes®. 




620 


Leucocytes 

(Por other physical and chemical data sec under 'Blood', pages 557-611) 


Basophil count '0 

Physiolo^itnl anti pathological characteristics 

1. Increased greatly in chronic myeloid leukaemia and polycy- 
thaemia, significantly in diabetes and myxoedema. 

2. Decreased greatly in hyperthyroidism, after administration of 
glucocorticoids and during pregnancy. 

Eosinophil count" 

Physiological characteristics 

1 . Subject to fluctuations at intervals of a few minutes with a range 
exceeding the error inherent in the method of measurement. 

2. Subject to marked daily periodicity with low v.alucs in the late 
afternoon and early morning (down to about 20% of the mean 
24-hour value) and a maximum at midnight (up to about 30% of the 
same mean value). This periodieity is mainly seen in /ar/rV/g subjects. 


3. Subject to seasonal fluctuations (increase in the earl} 
the year and autumn). 

4. Subject to change during the course of the menstrv 
(menstrual peak, low point following ovulation). 

Pathological characteristics 

1. Eosinophilia occurs in parasitic infestations, in allerg 
tions, in functional disturbances of the spleen, and in diseast 
blood-forming organs and central nervous system. 

2. Eosinopenia arises from increased migration into the 
with inadequate replacement, in suppression or aplasia of 
poiesis due to increased corticosteroid secretion or corticc 
administration. 

3. Ancosinophilia occurs during the peak period of t 
fever. 


Schilling’s haemogram 


Normal tclattonshlp of immature ncuttophiU (myelocytes 
+ young ncuirophils*f stab neutrophils) to mature (seg- 
mented) neutrophils *= 

Baso- 

phils 

Eosino- 

phils 

Myelo- 

cytes 

Young 

cells 

Neutrophils 

Stab 

cells 

Segmented 

cells 

Lympho- 

q’tes 

Normal range (%) 

0.5-1.5 

2-4 

0 

0-1 

3-5 

51-67 

20-30 


In order to simplify the recording of results of differential counts Scttit-LruG’s the percentage values in the order given in the above table of the haemos 

haemogram can be written: where the dashes represent This enables the differential blood picture to be rapidly evaluated. 
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Thrombocytes (Platelets) 

(For other physical and chemical dau see under 'Blood', pages 557-579) 




95% range 


Refer 

Remarks 


Mean 

(extreme range 

S 




in brackets) 




Thrombocyte count 
(in thousands per pi) 

Cord blood 

227 

149-305 

39 

1 

Determined by the direct method. There are no marked differences as 
sex or age arc concerned'^. The thrombocyte count is rather low prior t 

Children 





at the start of menstruation and rises after cessation of menstruation' 


233 

143-323 

45 

1 

fcrcnces in the count due to constitution, physical exercise, altitude an 

1 month (cutaneous blood) 

277 

175-379 

51 

1 

blent temperature have been reported. The thromboo’tc count is incrftim 
injury and in chronic myeloid leukaemia, dtcrtattd in ihrombopcnic put 

3 months (cutaneous blood) 

348 

220-476 

64 


12months (cutaneous blood) 
Adults 

339 

219-459 

i 

60 

1 


cutaneous blood 

250 

133-367 

58.5 

2 : 


venous blood 

310 

286-334 

11.9 

2 1 


arterial blood 

350 

322-378 

13.9 j 

3 1 

1 


Thrombocytocrit value 




I 

1 


(thrombocyte packing 
volume) (ml/1) 

4.8 

(3.3-8.3) 


5 

Proportion of the peripheral venous blood volume occupied by the thror 

C>'tCS. 

Diameter (pm) 

- 

(2-4) 

- 

2.6 

Normally the thrombocytes are spherical or cpg-shaped. They undergo ch 
of shape even after brief contact with a wcttablc surface®’ 

Volume (fl e pm’) 


(10-12) 

(10.3-19.7) 


2 

Dependent on temperature and on concentration of anticoagulants®, 

16.2 

- 

5 

in thrombopcnic purpura and a few other diseases®. 


5.8 

(8-14) 

- 

9 

Measured by the ^ap.Ji.isopropyl Huorophosphatc (DFP) method. Rcdi 
in polycythaemta vera accompanied by thrombopenta^^. 

Half-life (days) 

- 

(5-6) 

- 

It 

Measured by means of ^^C-scrotonin. 

Osmotic resistance 

... 



. . . 

Morphological changes in the thrombocytes occur with NaQ concentrati 
of 0 44% and below; at a concentration of 0 lY. almost all the thromnoc 
arc in the form of ghosts". The osmotic resistance is lowered in idiop 
thrombocytopenia ", increased in thrombapsthic conditions ' - .and alterrt . 







in some infectious diseases'^. 



Thrombocytes (Platelets) 

(For othef pbyiicil »nd chemieJ dm tee under ■Bk»<r. p»gt» 557-579) 



Mem 1 95*/. range 

:] 

Rtret'l 

Recnarlis 

Ism (umol pet 10'* tht 

ombocytes) 

! 863 73 5-09.1 

95.7 74 9-117 

1 3.9 3 1-4.7 

1 76 4 52 6-100 

n 

6.4 

104 

0.4 

11.9 


Values depeod on the eomposi lion of the incubation medium 

nation per hour . . 

: formation pet hour 

rotmation per houf . 


bocyte count during menstruation’* 



Bone marrow 


>«h<(e m haetnitoloKy ate such conflicting data tohe found as 
igthe petcentiBcs of the nnous types of cell present in human 
I marrow Thu is a result of differences m counting techniques 
greater the amount of marrow aspirated, the greater therolume 
ood entering the syringe The proportions of erythtoblasts and 


granuloblasts fall while those of the stab and segmented cell 
lymphocytes use The last three types of cell are really constit 
of the marrow blood and ihcir numbers can therefore be eni 
at any time from the petiphenl blood On values m adults aci 
ticularly the monograph by Rohr’. 


tiogtam at various ages* 


--- . 1 
Trpeofoll 

2S hours 1 

Eadotnew- 1 
born period 1 

Infancy | 

Eatlyehildhood | 

School age | 

Adulta 


af..an 

Range 

M^an 

R»n*e 

Mean 

Range 

hlearr 

Ran-.. 




CO 1 

(V.) ! 

C-) 





(‘•'0 


{«) 

(H) 

Irythioblasti ! 

1 

1 










basophil 

0 5-10 0 ' 

50 1 

00- 30 

1.0 

05- $0 


10- 60 

25 

10- 80 

30 

0 5-75 

polychromatic 

7 5-30 0 , 

15,0 

0 0-100 

30 

50-20 0 

100 

30-100 

50 

3 0-10 0 

60 

2 0-15 0 

oiyphil 

7 5-30 0 1 

15.0 , 

20-200 

60 

50-12 5 

75 

S0-K)0 

100 

5 0-20 0 

11 0 

S 0-25.0 

Total 

jfanulopoieiis 


35.0 - 

! 


1 100 


i 200 


17.5 


20 0 


Myeloblasts 

0 2- 501 

2.5 

0 2-50 

20 

0 2-50 

IS 

0 2-50 

1 0 

! 0 2- 5 0 

1 0 


Promyelocytes 

0 2- 50’ 

30 ' 

05-75 

1 35 , 

05-100 

25 

0 5- 7.5 

1 25 

[0 5-10 0 



Myelocytes 

2 0-20 0 , 

60 

1 50-200 

• 100 

j 5 0-15 0 

100 

5.0-20 0 

125 

5 0-25 0 

150 


Metamyelocytes 

5 0-25 0 , 

125 

50-250 

' 125 

1 50-150 

100 

$.0-20 0 

12 5 

5 0-25 0 1 

150 


Stab cells 

5 0-25 0 

' 12 5 

100-25 0 

15 0 

1 50-150 

eo 

50-15 0 

too 

5 0-20 0 



Segmented cells 

10 0-30 0 

ISO 

100-25 0 

' 150 

1 10-150 

70 

t.0-15 0 

85 

10-15 0 

80 


Eosinophils 

OO- 50 


1 0 5- 7 5 

' 25 

I 10-75 

1 40 

1 S- 7.5 

50 

1 0- 70 



Pasophils 

0 0- 0.5 

1 0.05 

00- 10 

! oos; 0-10 

[<005 

0 -05 

<01 

0-10 

<0 2 

0 - 1,0 

Total 


52 5 


1 600 

1 

1 430 


52 0 


58 5 


Monocytes* 

3 0-15 0 

7,5 

1 ZO-100 

1 50 

1 05- SO 1 20 

10-50 

30 


1 5 


Vyrpphocyfes** 


( 



. 






Reticular cells** 

00-100 

50 

,100-400 

, 25 0 

IS 0-50 0 

• 35 0 

150-40 0 

27 5 

10 0-35 0 



rUsmacytes 

00- 10 

1 

100-15 


0-20 

[<0 5 

0-25 

<0 5 

0 2-25 


0 5-30 

MegaVarrocytei , 

' 

1 

1 

! 

I 

<05 


<0 5 


<05 
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Blood Coagulation* 

(For references sec page 625) 


I’liysiology 

The procoiscs involved in tlic congulation of blood arc still to 

sotiiccxtcntoliscurc, so that the diagrammatic representation shown 

here (big. 1) should not be regarded as conclusive. 

Normally, the blood begins to coagulate when it escapes as a 
result of injury to a vessel and comes into contact with a foreign, 
wcttablc surface, for instance damaged tissue. In the presence of 
calciuin ions, contact of the blood with such a surface results in 
the activation of Factor XIl, which in turn initiates the viscous 
metamorphosis of the thrombocytes in a manner as yet unknown. 
I he thrombocytes become labile, and as a consequence .agglutinate 
to the foreign surface, to one another and to other cells. The result 
is the formation of a platelet thrombus and the release of a number 
( ' ■’ ■ ■ ' ■ , ' . * . ■ . , . 1 

causes the activation in succession of Factors XI, IX, VIII and X 
in a chain reaction. The activated Factor X, together with the lipoid 
factor of the thrombocytes, forms active plasma thromboplastin 
(the so-called intrinsic system). 

Factor X is likewise activated in the presence of calcium ions by 
the tissue fluid in conjunction with Factor VII. The Factor X 
activated by this system (the so-called extrinsic system) brings 
about the formation of active tissue thromboplastin. Tbe formation 
of both these active thromboplastins is accelerated by F.actor V. 

In the first phase of coagulation the two active thromboplastins 
- plasma thtomboplastin and tissue thtomboplastin - act on the 
prothrombin and convert it into thtombin. 

Meparin inhibits the activity of both the thromboplastins and 
thtombin. At this stage other antithtombins likewise function as 
antagonists in the coagulation process. 

In the second stage of coagulation thrombin acts on the fibrino- 
gen, which is thereby converted into monomctic, soluble fibrin. 
The latter now polymctiacs and is converted under the action of 
Factor XIII and calcium ions into stable fibrin. 

In the third phase the fibrin clot undergoes retraction under the 
action of the agglutinated thrombocytes. 

The retracted clot may eventually be broken down by plasmin 
to yield soluble products. Plasmin is a rather nonspecific proteo- 
lytic enzyme; under pathological conditions it is also cipabie of 
breaking down fibtinogen and other protein components of the 
coagulation system. Plasmin is formed from plasminogen as a 
result of a complicated scries of activation processes, commencing 
with the formation of an activator by the action of lysokinases - 
present in both blood and tissues - on a proactivator of the blood. 
This activator converts plasminogen into plasmin. The latter can 
also arise from plasminogen directly via a tissue activator. Lyso- 
kinases are inhibited by antilysokinases, plasmin activity by anti- 
plasmin. 

Physiological varialiom 

The coagulation process does not function fully in all newborn 
children. On the average, the concentrations of fibrinogen and 
Factors II, VII, IX and X are low, especially during the first few 
days of life; there are considerable individual variations, however, 
and values above normal may even be encountered'. 

The number and functional state of the thrombocytes are both 
within the normal range in newborn infants, both full-term and 
premature (see also page 620). 

Ageing as such does not appear to involve any alteration in the 
coagulation process. Pathological changes are probably in most 
cases due to changes in either the coagulation process or the vessels. 
Impairment of the coagulation system due to certain foodstuffs 
appears to be commoner in old age; an example is the increased 
tendency to coagulation after a meal rich in fats^. 

During pregnancy the concentrations of Factors VII and X in 
the blood arc often increased. The occasional rise in the blood 
levels of Factor IX and fibrinogen, combined with an enhanced 
tendency of the thrombocytes to agglutinate in the presence of 
an increased blood phospholipid concentration, may lead to 
thtombo-embolic complications during pregnancy A 


Pathology 

The pathology of blood coagulation comprises three mam types 
of dhea^se: thrombosis with the concomitant danger of embolism, 
the haemorrhagic diatheses, and cardiac infarction. 


4 f has been compiled by C.MoSTictx., Rc- 


Con ta ct Prelimmary phsi 

with wettabic surface 



Thromho-tmhoUsm 

In the vessels, plasmatic coapulatfon of the blood can come about 
through exhaustion of the endogenous heparin or, in general, 
through a reduction in the antithrombin level. 

Lowering of platelet stability through activation of Factors XU 
and X (for instance as a result of pathologic.il changes in the 
cular wall) or following some specific thrombocytic disc.ihC can 
likewise enhance the tendency to coagulation. The same result can 
come about through inhibition of the fibrinolytic system by physio- 
logical inhibitors, drugs or disease. Stasis due to a diminished rate 
of blood flow also favours thrombosis. 

The sites where thromboses arc most likely to occur arc fho\tn 
in order of frequency in Figure 2. 

Theoretically feasible methods of treatment arc first a reduction 
in the plasmatic coagulation potential by means of oral antiCf.ogU' 
hnts, secondly inhibition of the activity of the thrombopl tstins and 
thrombin by means of heparin, thirdly Sfabili^arion of the thrombo- 
cytes, i.c., inhibition of the contact activation process (inhibition 
of the activity of Factor XII), and lastly an increase in hbnnolytic 
activity. 
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hagic Julhtsa 

created tendeticy to bleeding may be due to an abnormal 
m fibrinolytic activity (caused by physiological activators, 
or drugs), to enhanced stability of the thrombocytes, lO 
ocytopenia or hereditary thrombo-tsthenia, and finally to 
5n of ihe plasmatic coagulatiora process as a result of an 
: in endogenous heparin, a rise in the antithrombm titre, a 
cy of certain factors, or drug action 



matic coagulation system by an excess of endogenous heparin or 
heparin-tike inhibitors can be overcome by administering prota- 


Cardiat mfaMwt 

In spite oreeriam common external causes and initiating meeh- 
anisms, the pihogenesis of cardiac infarction differs considerably 
fcomthitofihtombosis^ OnlymmecaseaiceptitnacycoagMlaMon 
thforohi found in cardiac infarction Many aspects of the disease 
are still uneaplained 


Thtombosas 

r nhanced tenjenrv to eosgulaiion 



Dnunished icnJc^ to coagulation 
Bleeding 


Equilibrium- 


Coagulation 

normal 
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Contact activation 
Plasmatic coagulation 



Exogenous stimuli: 
Climate, weather, etc. 
Stress 


Regulation by mid-brain 


I 


Pituitary 
Adrenal cortex 


results in the formation of necrotic areas in the vascular walls and 
in the heart, particularly beneath the endocardium, in the wall of 
the left ventricle, in the septum and in the apex, in fact in any part 
where a high concentration of monoamine oxidase can be demon- 
strated histologically®. This necrosis causes a manifest infarct 
cither directly or via the development of oedema in the coronary 
vessels. The action of catecholamines in causing necrosis, oedema 
and thus infarction is also favoured by the hypertension, spasms, 
stasis and ischaemia that commonly result from a disturbance of 
haemodynamics and cardiac activity. 

The process of infarction initiated in this way is intensified by 
mechanisms under central nervous control and mediated by the 
pituitary and vasomotor centre®. The pituitary releases larger 
amounts of vasoconstrictor substances, with the result that the 


haemodynamic equilibrium is disturbed. At the same tii 
regulation of cardiac activity and of haemodynamics by thi 
motor centre is impaired. TTie increased release of ACTTH 
pituitary blocks the release of corticosteroids by the adrenal ' 
so that the stability of the vascular wall is endangered (Fig. 

Methods 

The coagulation process can be studied by various ro»//« i 
suitable for any laboratory: 

Bleeding time. Measured by making a small wound in a cap 
small vein or arteriole. The results depend on the condition 
plasmatic, thtombocy t ic and fibrinolytic coagulation systems. I 
entiation is not possible. 


► Mechanisms regulated by autonomic nervous system 
vmlef, Mechanisms regulated by central nervous system 
Mechanisms regulated by vasomotor centre 
Pathological reactions set in motion in the blood, 
vessels and perivascular tissue, or affecting haemo- 
dynamics or cardiac activity 


Stress 

Shock 


Autonomic nervous regulation 
Syrapa- Parasympa- 
thetic thctic 


I 


Adrenal medulla: 
Augmented 
release of 
catecholamines 


Catechol 

amines 


Mono- 

amine 

oxidase 



Brain stem 

1 1 



1 Central nervous regulation 







Infarction 




Inflammation. 

oedema 

and necrosis in 

vascular wall and 

perivascular tissues, 

ischaemia 


Disturbed haemo- 
dynamics and car- 
diac activity, 
decompensated 
circulation, spa.sms, 
stasis, ischaemia 

JLX_ 


Vaso-activc| 

hormones 


7/M 


Vasomotor 

centre 





Pituitan*: 

Augmented 
release of\*asO‘ 
constrictors anJ 

ACTH 


Adrenal cortex: 
Blocking 

of corticosteroid 

release by ACT! 1 
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Ricakifiiaiion Um. This method is particu!«ly useful foe me**- 
mg the effect of hepatin and hepannoids on the plasmatic coag- 
ation lystem. 


It since it is modified in cettain thrombocytie diseases as well as 
uting treatment with hepatin 

lUpann toltranci ftr/.By measuring the eoagulahility of theUood 
MS lest makes it possible to assess the patient's tendency tolhtom* 

A number of ipteia/ mtiioJt, suitable only for appr^riately 
'quipped bboratories, ate avaiiable for determining individual 
actors and functions involved in the physiological coagulation 
srocess. They require the use ol either expensive apparatus like the 
htombo-elastogiaph and thrombocyte aggtegometer or special 


reagents which must be prepared in the laboratory itself. Tho 
special methods whose reliability is now established are listed in |] 
table bebw. For a detailed description of the techniques involvi 
see MoKrtceL^, 


Rdietencet 

» McEir»eSM,A E . Awr JmfJSn .2«,77l (1961), Siiao. N A . qu^t 
taAhtr.rUMtJ, 3J, 74 (1963), LANDieca, G . in WiESENtu, H (Ed 
EnfiAnaitiii Jn E’ilw$ikU>s'Ph"‘‘‘f KinJn, Springer, Berlin, t9( 
page 118 


Special fttlkoJi »/ tinging UofJ 


Phase er 
enaguljtinn 

Fseioror | 

phase tested 1 

Method j 

Reigeot 

Remarks 

rrelimirury phase, 
intrinsic system, 
thrombocytie process 

Thromboejte ‘ 

function 

rhtombo.elastograph 
rhrotnbocyie 
iggtegometer 
(BeeooDs’a method} 



Ttcliminary phase. 

Imtinsie system, 

' plasmatic process 

Contact sctivatiofl 

Taeiof XII 

Thtombo>etattograph 

Thtottiboeyte 

aggtegometer 



, rteliminary phase, 

1 mtrmsic system, 

1 plasmatic process 

' cattiniie system, 
plasmatic process 

' Faaot X i 

Mestutement of \ 

eoagulation / 

Factor X-free 
plasma + viper tom 
+ phospholipids 


1 

1 

1 

Factor X-free 
plasma + tissue 
thromboplastin 

Only when Factor vil 
IS present in adequate 
amount 

Preliminary phase, 
extrinsic system 

' Factor VII j 

I Mexswement of 

1 coagulation 

Factor Vll-free 
plasma + tissue 
ihrombopUstln 


Preliminary phase, 
plasmatic prexess 


Factor V 

Measurement of 
coagulation 

Factor V-free 
plasma + niiue 
thromboplastin 


Ptelimsnary phase, 
plasmatic proeeia. 
inhibitors 


Antithtombmll 

Measurement of 
coagulation after 
addition of fibrinogen 

Fibtiftogem 

aolution 


Phase 1 

1 

Factotll 

Prothfombin 

Measurement of 
coagubtion 

Factor Il-free 

P^TO* + tvsjue 
thromboplastin 



Phase 2 




— 







^0 'Mlsfactofy 

fou'ine method 


Retrscfion potential 
of thfomhocyfei 

Measurement of 
clot retraction 



Phase 4 j 

j RbrinolytiC 
j potential 

Plasmolysis time 


■ 
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The hlood groups' consist of inherited characters of the blood 
corpuscles, patticulariy the erythrocytes, identifiable as antigens by 
means of their reaction with specific antibodies. The genes respon- 
sihlc for the presence of these antigens arc inherited in accordance 
with hfcndclian principles. Most of the blood-group characters 
arc already identifiable in the young embryo and remain unchanged 
throughout life. They arc unaffected by c-xterna) factors like climate 
or, in general, disease^. 

'Ilic blood-group characters can be arranged into systems, those 
so far recognized being the ABO, MNSs, P, Rh, Lutheran, Kell, 
Lewis, Oufly, Kidd, Diego, li, Auberger, Xg, Yt and Dombrock 
systems. With one exception, each of these systems is inherited 
independently of the others as an autosomal character; the exception 
is the Xg group, which is located on the X chromosome. Also 
known arc blood-group antigens of very rare occurrence (‘private 
antigens’), like the Levay, Jobbins, Becker, Ven, Rm, Chrs, Wr“, 
Be", By, Sw", Good, Bi and Tr» antigens, as well as others only 
rarely absent from human erythrocytes, like Vcl, Gc, Lan and Sm 
('public antigens’). 

An individual’s blood-group characters arc identifiable by means 
■ ‘ ■ ’lodics. These may be of human origin 
, , either agglutinins or incomplete anti- 

bodies. The antibodies arc either naturally occurring, i.c., they 
have not arisen from any known immunizing stimulus, or they arc 
immune antibodies due to an immunizing stimulus such as preg- 
nancy or blood transfusion or injection. Test sera containing 
hetero-antibodies may also be produced by immunizing suitable 
animals. Finally, certain rc.agcnts of vegetable origin (phytaggluti- 
nins) can be used to identify particular blood-group characters (Ai, 
A,, H, M, N, etc.). 

An .antigen-antibody reaction takes place bettveen the test serum 
and the antigen-carrying erythrocytes leading cither to agglutina- 
tion or, occasionally, in the presence of complement, to haemolysis. 

At the right temperature, the agglutinins react with erythrocytes 
suspended in physiological salt solution. Reaction with incomplete 
antibodies may be demonstrated 

(a) in viscous reaction media, 22-30% beef albumin being a partic- 
ularly suitable one ; other substancesused forthis purpose include 
human serum or plasma freeof antibodies, gelatin,dcxttan, poly- 
vinylpyrrolidone, gum arabic, etc. 

(b) in the fermentation test; in the main the following proteolytic 
enzymes ace used; trypsin, papain, bromelain and ficin. 

(c) in the indirect antiglobulin test (Coombs’ test). 

Combinations of tests (for instance a trypsin test combined with 

an indirect antiglobulin test) are particularly sensitive. 

The ABO blood-group system (Landsteiner, 1900 a) 

The iso-antibodies anti-Aand anti-B are normal and regular con- 
stituents of appropriate human blood sera. Two antigens (aggluti- 
nogens) A and B, reacting respectively with anti-A and anti-B, en- 
able an individual’s blood to be assigned to one of the four groups 
A, B, AB or 0. 


From the genetic aspect, an allelic gene (A, B or 0) i; 
a chromosomal locus, the blood group being determi 
combined effect of the two genes situated at the equi 
Phcnotypically, the character 0 is found only in the he 
form. 

The four blood groups (phenotypes) arise from the s 
genotypes, as shown in Table 3. It is impossible to distin 
logically between A A and AO or between BB and BO. 


Tabled 

Blood group 
(phenotype) 

Genotype 

0 

00 

A 

AA ot AO 

B 

SB or BO 

AB 

AB 


The frequencies with which the various blood groi 
within a population differ widely. From these phenotypi 
cics the corresponding gene frequencies can be calcu' 
formulae see Race and Sanger’). Such data arc of great in 
in anthropological studies. 

Subgroups of tbt ABO system 

The blood group A can be subdivided into Ai and 
Dungern and Hirszfeld"'), the blood group AB into 
AsB. Anti-A sera (from B individuals) consist of two coir 
anti-A and anti-Ai. Anti-Ai reacts only with erythrocytes c 
Ai and AiB, anti-A on the other hand with groups Ai, As, 
AsB. This subdivision of A increases the number of poss 
blood groups from four to six, namely 0, Ai, As, B, AiB ; 
Therearc 10 genotypes corresponding to these phenotypes ( 


Tab/e 4 


Blood group I 

(phenotype) j 

Genotype 

0 ! 

00 

A, 


A. 

A~.Ai, AeO 

B 

BB,B0 

A,B 

AiB 

A.-B 

A,B 


Anti-A 1 is present .as an irregular antibody in the serum c 
of A: individuals and about 26% of zVjB individuals. 
Table 5 summarizes the serological data of the AiAjBO 


Table 1 


Reaction with anti-A . . . 

+ 


+ I - 1 

Reaction with anti-B .... 

— 



Blood group 

A 


AB 1 0 ; 

1 1 


The antigen is located on the surface of the eiy'throcytcs, while 
the serum contains the iso-antibody, either anti-A or anti-B, corre- 
sponding to the antigen not carried by the erythrocytes ; if both anti- 
gens are carried, or both lacking, the scrum contains respectively 
neither iso-antibody, or both; 


Table 2 


Blood group 


0 .. 

A. - 

B. - 

AB 


Antigen carried 
by erythrocytes 


A 

B 

A and B 


Antibodies in scrum 


anti-A + anti-B 
anti-B 
anti-A 
neither 


Basle. 


Table 5 


1 Blood 
j group 

Reaction with 
test scrum 

anti-A|anti'Ai' anti'B 

Antibodies 
regubriy 
present m scrum 

, Antibo 

1 cocas tof 

i present in 

i 0 

j 

' i 

i 

anti-A 
(+ anti-A i) 
anti-D 

- 

A, 

-b 1 + ; _ 

anti-B 

- 

Aj 1 

i 

( 

+ j - j - 

anti-B 

nnti-Ai 
in about 1 

B 1 

1 

1 

- j - i + 1 
1 1 i 

anti-A 
(+ anti-Ai) 

- 

A,B . . . 1 

+ j + 1 + ! 

none 

- 

AjB . . . f 

+ !-! + ! 

none ; 

anci*Ai 
in about 2 


The A subgroups can also be determined by means of phyt. 
tinins. DfHehos biSonis extract reacts specifically with Ai, a 
extract of Lotus ttlragomlobus seeds can be used as anti-.\” re 
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ry rare cases a blood cannot be assigned to one of tbe A *“!>' 
31, flben Jt JS assumed to belong to an jnteftntdiaty »ub- 

p a 1 * 


ft 6 


Ten serum j 

Ai 

As 

A. 1 

A, 

Aa 

uetion with test sera j 
anti-A (blood group D) | 

+ 

+ 

^•1 

-(+) 

-<+) 

snti-A+B ! 

(blood group 0) ... 1 

+ 

i 

■ ^ 1 

' +* 

* 


tnti-Ai ... , 

1 + 

, - : 

1 - 

- 

- 

•eaetioo of serum with 
ryihrocytei 

Ai . 

j 

! 

1 


+ 


Ai 

1 - 

t - 

- 

- 


B 

Trr 

rr 

+ 

+ 

+ 

A’ substance present in 
lahv* of lectetors 

v„ 

Yes 

Yes 

No 

y<* 

•Misejanglutinaiion I 


enables nine g«iotypei to be distinguished (Table 8) The geno- 
rypes .MS/J'fj and MsjNS cannot be dtstwguiihed seroJogicalJj’ 


TMt» 








1 

l3 

< 

n 

5 

anti-M . . 

+ 

+ 

+ 

+ 

+ 

+ 

_ 

_ 

_ 

artti-N 


— 

— 

+ 

+ 

+ 

+ 

+ 

+ 

anti-S . .. 

+ 

+ 

— 

+ 

— 

+ 

+ 

+ 

_ 


- 

+ 

+ 

- 

+ 

+ 

“ 

+ 

+ 


West fonrwof M f»r N (bf», Nj) are occJSionaJJy met with They 
are characterized byreactmg only «eakly«ithanti Moranti'Nseta 
M' (OuHSFOKD et al '•’) reacts with most anti-hf and some anti-N 
sera and is considered to be intermediate between ht and N The 
Mi antigen (Jack et a! '^) is qualiUtiTcly different from M and is 


samples except those that were negative to anfi*5 and anti-i. This 
socalled anci-l) behaves like an inseparable mixture of anti-S and 
antw Individuals who form anti-U possess neither S not a. The 


aiiaiiueoi nior N.o or s, tnougn aiso turnung part ot me MNot 
complex Further antigens belonging to this system are Ri* and Sc* 
(CucKOKNar), Mt***, C1‘** and Ny‘*^ 


.iiv » »iiu o ^igens luve also been identihed on thrombocytes 
.ivj Uueixvtts The chemical conititution of the A. Band H group 
ubiunces has been largely rlucidited 


The Pblood'group systern (LtNDSTxlNBR and LavtSE, 1927^*) 
Human bloods react either positively ot negatively w tth anti-P 
sera to >s>e s.^-xNrn _ i .u.,, ... . .u 



eysterfi (U-soSTiosia and Uvine. 


rhe M tnd S antiKcns of hi 
bv meant ol heirro»prcjfic imr 
imJ genotypes of the .Nf and * 


nan erythrocytes can be identifted 
une sen from rabbits Phenotypes 
propertirs are shown inTabIc7 


r«*.> ' 

Rnciioo withanti-M 

Reactiiit with *r«i-N 

rheflottpe (hJooJ group? 
C.enoiype 


M . 


■h I + 1 

MM ! N j 
,WiV ( AW I 


Tail, 9 
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TMf to 


Reaction with anti-Pi 
(anti-P) 

+ 

- 

- 

Reaction with anti-P 
+ Pi (anti-Tj*) 

+ 

-b 


Genotype 

PtPi(PP) 

PiPi(Pp) 

Ptp(PTjo) 

P%Pi (pp) 

Pip(pTj») 

pp(Tj»Tji>) 

Phenotype 

Pi 

Pa 

P 


llie dcslgnaiion in brackets is that usual prior to 1955. 


The Rhesus blood-group system (Landsteiner and Wiener 
39403J) 

The discovery of the Rh blood-group system proved to be of 
great practical importance in view of the fact that Rh-negative per- 
sons form Rii antibodies fairfy frequentiy after contact with the 
Rh antigen (transfusion or injection of blood, pregnancy). A second 
transfusion with Rh-positive blood may result in a haemolytic 
transfusion reaction. In women the result may be haemolytic dis- 
ease in her newborn children (Levine et al., 1941"®). For clini- 
cal purposes the distinction between Rh-positive and Rh-nega- 
tive is usually sufficient, but in fact the Rh blood-group system is 
extremely complex. This complexity is one of the reasons why 
various genetic explanations of the Rh groups have been put for- 
ward and at least three different nomenclatures are in use. Wiener’s 
concept®® assumes the existence of a single gene locus on the chro- 
mosome with multiple alleles. Each allele results in the formation 
of an agglutinogen possessing several factors. These factors act as 
antigens and can be detected by means of the corresponding anti- 
bodies. On the other hand, aecording to Fisher and to Race®® the 
Rh group to which a blood belongs is determined by three closely 
linked gene pairs. Each individual inherits three Rh genes from his 
parents, namely Cozc,D or rfand E or e, in the form of an indivisible 
gene complex. For instance, an individual inherits CDe from one 
parent and ede from the other. Table 11 (from Race and Sanger') 
illustrates the two concepts using CDe as an example. 


Table 11 



The correspondence between Wiener's factors and the antigens 
of Fisher and Race, together with that between the respective anti- 
bodies, is shown in Table 12. 


Table 12 


Rho 

= D 

anti-Rho 

= anti-D 

rh' 

= C 

anti-rh' 

= anti-C 

rh" 

= E 

anti-rh' 

= anti-E 

hr' 

== c 

anti-hr' 

= anti-C 

he" 

= e 

anti-hr' 

= anti-e 


Antigens have since been discovered which correspond partially 
to further alleles on the same single gene locus. 


strengths (high-grade and low-grade) and appears to be identic 
with Wiener’s intermediate form (Sflho). In D“ individuals th 
antigen D can cause the formation of anti-D. The fact that D-posi 
live individuals can also form anti-D (Argall et al.®«) led Wienei 
and Unger®® to assume the existence of partial antigens of D 
Individuals not possessing one of these partial factors can forn 
antibodies against it. 8}h“ indicates a blood in which the partia 
factor Rh* is missing and which reacts with anti-Rho and also witt 
anti-Rh'', anti-Rh® and anti-Rh°. These variants and their reactions 
arc shown in Table 13. 


Table 13 


Variant 

3nti*Rho 

Reaction with 



anti-Rh^ 

anti-Rh® 

anti-Rh^ 

anti-Rh® 

9Ih* 

+ 


-b 

4- 

■b 

'Rh'* 

+ 

-b 

— 

+ 

-b 

91h' 

+ 

■b 

-b 

— 

-b 

aib® 

-b 

+ 


+ 

- / 

9!h»*‘ 

-b 

— 

— 

-b 

+ I 

Sth**’" 

-b 

— 

— 

— 

■f i 

gih*" 

+ 


■b 


-b i 


The antigen described by Chown et al.®® as reacting with the 
antibody anti-Wiel appears to be a further partial antigen of D“. 

Allelet and variants of C and c 

C"' (Callender and Race®®) is a third allele and reacts with a 
specific anti-O'' scrum. Most anti-C sera also possess an anti-O'’ 
component. A rare and weakly reacting antigen is C" (RACset al.®®), 
a parallel to D**. Anti-C* is a not very rare antibody reacting with 
the very rare antigen C* (Stratton and Renton®’). 

Alleles and variants of B and e 

The antigen E^ (Ceppellini et al.®®) is analogous to D“ and C“. 
E"' (Greenwalt and Sanger®®) has so far been found only in a very 
few families, e’ (Sanger et al.®®) only in members of the negro race. 
Shapiro ®® found the antibody anti-ht> in the serum of a Bantu wom- 
an ; the factor ht* occurs not only among the Bantu but also in white 
races. The antigen e* was found among the Columbian Indian.' 
(Latrisse et al.®®). 

Table 14 shows Wiener’s analysis of the Rh phenotypes occur- 
ring in the white population of New York City®®, Table 15 their 
distribution among the English people as determined by Race 
et al.®®. 

During the last few years compound antigens of the Rh sjTtcm 
have been discovered, for instance ce, which reacts with the anti- 
serum originally designated anti-f (Rosenfield ct al.®®). Other 
compound antigens ate rhi or Ce (Rose.nfield and Haper®®), 

CE (Tippett ct al.® ') and cc», which reacts with the scrum originally 
designated anti-V (DeNatale ct al.®®). The antigen G described 
by Allen and Tippett®® is not a compound antigen in the same 
sense; it is closely related to C and D, since most C- or D-positi't 
individuals arc also G-positivc. Anti-G is found in the serum o* 
ede and cdE individuals, most of whom also form the antibeds 
anti-D -b C. 

The first case of a ‘deficient’ Rh chromosomc^'as described bj 
Race ct al.®® and designated by them — D— (Rho in Wicnct ' 
nomenclature). Others have since come to light, namely 0"D"- 

(Gunson and Donohue®®), cD— (Tate ct al.®®), f' 

ct al.®®). It is not known whether these arc eases of gene suppres- f 
sion or gene depression. j 

The antigen contents of the individual gene complexes are sum- ; 
marized in Table 16 (page 631) (from Race and S'NGr.R'). I 

An Rh complex with gene depression has been given the desigr" | 

tion t® (Allc.n and Tippett*®). Similar behaviour is shown b\ the 
.antigens of the complexes t®' (Tippetp et al.®') and ri- (Metax" j 
and Meta.n.vs-BOiiler®®). i 

In 1962, Rosentield et a!.®® proposed a new terminology tor t^^ i 
Rh groups in which the Rh antibodies were given numbers in L ® f 
chroetoiogio} order of their identification. The original publirt; j 
tion listed 21 antibodies, since when the number has ri'cn to Zf ( 
(Keith ct al.*®). This nomenclature is without prejudice to an- 
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7flWf /5 The Rh genotypes of English people (from RAcisctal.'*®) 


t CaloilaictI j. 

I group fre- 
qucncy (If 

only first 

4 sera used) 


15.1020 


Reaction with the 4 antisera 
fairly widely available 



2.0609 


0.937 6 - 



14.0769 


0.7644 + 


34.8899 + 


0.0234 + 


13.417 8 + 


Reaction with rarer 
antisera 


pure pure 
C O 


Genetic and 
antigenic 
constitution 


Short symbols 


Gdcuiated 

genotype 

Wi£NER frequency 

and % 

Wexi-er'^ 



+ + 

+ - 

+ + 

- + 


cDejcJe 

cDejcDe 

cdEjcde 

cdEjcdE 

cDEfcDE 
cDEjcdE 
cDEfcDe 
j (DEjrJf 
I \ cDtjcdE 

Cdtjcdt 

C'°dejcde 

CDejcDe 
( CDejcde 
\ cDejCde 
C^DejcDe 
f C^Dejede 
\ C^dejcDe 


+ - 

+ - 

+ — 

— + 

1 + 

' + 

1 _ 

' + 

1 + 1 1 

+ cdE/Cde 

\ + CdEjcde 

+ CdEjcdE 

+ C'^dejedE 

1 

I R’R' 

R^r 

RyR’ 

1 R''‘R‘ 

+ - 

4* 


CDejcDE 

RiRt 

+ - 

+ 

+ 

- cDejCDE 

Rt>Rt 

4. 

4 - 


, / CDejcdE 

RiR' 




\ cDEjCde 

R2R' 

+ — 

4 - 

4. 

. f CDEjcde 

R,r 




\ CdEjcDe 

RyRo 

+ — 

— 

— 

- cDEjCDE 

RzRz 

4 * — 

_ 


^ / cdEjCDE 

R'R. 


- 

+ 

+ 

+ 

: 

+ 

+ 



+ 

+ 

+ 

+ 

— 


+ 

+ 

_ 

+ 

+ 

— 

+ 

+ 

+ 

+ 

i 

+ 

+ 

+ 1 



+ 

+ i 


+ 

+ i 


CdEjcDE 

C^DejcDE 

C'^DejedE 

C^dejcDE 


i 

+ 

CdejCde 

R'R' 


+ 

C'^dejCde 

R'<^R' 

r'y-r' 

+ 

C'^dejC'^de 

ti'\cR'\o 


1 

CDejCDe 

RiRi 

R‘R^ 

! 

CDejCde 

RiR' 

R'r’ 

; — 

CDejC^De 

RiR\‘ 

R'R"^ 

{ 

I 4 , 

/ C^DejCde 

RfR' 

Rl,er' 

1 + 

\ C'edejCDe 


r'"R' 

i 

C'-’DejC'eDe 

R^Rr 

RutRlu- 

+ 

C'^dejC'-’De 

R''-R'{ 

r’KRi«- 


CDejCDE 

RiRr 

R'R‘ 

4 . 

/ CdejCDE 

R'R, ' 

r'R‘ 


\ CdEjCDe 

RyRr 1 

r>'R’- 

— 

CDEjCDE 

R,R, 1 

R‘R- 

— 

C'-DejCDE 

RiR. j 

Rly.R. 

4- 

CdEjCDE I 

RyR. 

rvR« 

1 

/ CdEjC'^De 

RyRr 

rvgii-' 

*r 

\ C'^dejCDE j 

R'«-R. i 

r'y^R. 

1 + 

CdEjCde j 

RyR’ j 

rvr' 

1 + 

CdEjCdE i 

RtfRv i 

r’/rv 

! ^ ! 

CdE}C'-df -• 


rvr’'' 


R’r 

i 30.9657 

ROr’ 

0.0610 

r'r 

0.7644 

r'" 

0.0000 

R'-R^ 

2.0922 

R'r 

31.6759 

R^r' 

0.0505 

R'^R" 

0.0664 

R"‘r 

1.0049 

r'yiRO 

0.0000 

r’r’ 

0,0234 

rvr 

0.0000 : 

rvr’ 

0.0000 , 

r’u-r’ 

0.0000 , 

R'R'- 

11.5000 

RVR’ 

0.0125 

R'r’ 

0.96S5 ; 

R'r' 

0.2775 

R.r 

0.1S93 

rvRv 

0,0000 

R'R’ 

0.06S7 ; 

r’R’ 

0.005 s ; 

VyR' 

0.0000 

R'vR' 

0.3648 

R'vr’ 1 

0.0307 

r'^R'- j 

0.0000 


I 0.0097 
0,0000 
0,0000 
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? 

c 

R- 

cD; 

(D) 

(ti) 

e 

ce 
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ee» 

c* 

r; 

(D,' 

D 

G 

e 

<e* 

e* 

R-* 

Ci,' 


C 

c 

ce 



-D- 

E> 

G 


— 



OD~ 

; D 

G 

fC-) 




(D- 

I ° 

C 

(c) 

(«) 


r® 

IC)JC) 


G 

CQ 

- 

,0 


e»entu)l lolunon of the genetic probleins and iimptjr indicaiet the 
phenntype Thus Rh. t, 2, —3, 4, 5 denotes a blood givinR the 
foltottinR reactions aflit-D+, ami*C+, ami-E— , ami«+, 
ami «+ (m the fiomeneltture of nsii** and Race CDe/cde. us 
that of VC leNEH Rhich) The designations of the most impcttant 
antigens of the Rh hloctd groups undet the three systems of nomen- 
claiuf e ate gieen m Table t7 (mainly from Rosr.srieio et al **). 


TM 17 

'"i'l ' 

1 II 


11 



Rhi 

rh 

rh* 

hf' 

hr* 

hr 

thi 

th'« 

rh* 


RhlO V.ec* hr' Rhl9 hr* 

Rhlt E- fh«« Rh20 VS.e* 

Rhl2 G rho 1 Rh2l C® i 

Rhl3 • Rh* ‘ Rh22 CD 

RhJ4 « Rh» Rh23 Vkiel.D' 

Rhl5 • Rh« Rh24 E» 

Rht6 • Rh® Rh25 LVt 

Rhl7 •• Hc« RhJ6 

Rhl8 )It RhZ7 (E 


• (Ormpnodtro -mt iM rtit «pp»i«n« «nii D formej byawr-DlndiMtl 
** O^rrrfprmdt an anTitxKlv fptmcd br D j D- aod oihcf Uidi 


The Lutheran hlood-grotip system (CsuEVoea and Rsrr, 
1946”) 

This system is tlctermincd by the tsioaHelir genes Ijf and /-»♦ 
The cortesponjing amigens I u* iml I o* react utlhtheaoiibodici 
anil I u* (( siLEvor* and Rs» tS*) and ami La* (Cirravsti and 
{ »isNsais*’l respect lyely Thefiilloisitig phcooiepcsarepossiMe 
Ima*K I, lu(i + b*l and Lu(i — b + ), eorre*pt>nding to the 
kweypes /*•/«•, / and Cssssroao et al ** de- 


K+t+ and K— k+, became more complicated with the finding 
of the antibodies anti-Kp* and anil Kp® (Allen and Lewis*') In 
addition a phenotype w*i found giving negative reactions with all 
fout Kell antibodies K— k— Kp(a— b— ) (CitowN et al **), desig- 
nated by the symbol K“. The antibody anti Ku (Cokcosan et a] *’) 
reacts with all bloods except the very nre K* blood A further and 


TM IS 


K 

K1 (Kell) 


K2 (Cellano) 

Kp* 

K3 (Penney) 


K4 (Rautenberg) 


K5 (Pelt*) 


K6 (Sutter) 

Js* 



Present ktsowledge of the Kell blood-group system is lumma- 
rited in Table 19 (-with slight modification from AtiSN and Rosen- 
riEto^e) This does not tike account of the relationship with the 
Js system 


Tabh 19 



The iecretor character for ABH substances 
Stm/ert mnrrrrr/art 


iiie genes ot the I utheran groups and ibc>se determining the secre- 
'”io of the Al'H hloxl group suhsisnces 


The Kell Mood. group system (Omuss et al , 1946**) 

The discovery of the a/ilihodv anti K by Cni"tss et al •* »ss 
lo|Ji”»esl by the descriptu-n (1 Es ive et *1 **)orfhc-««ith<ticanti- 
hosly anti k The si rple Ke1I system, s* uh theph*nottpesK+k— , 
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Tabu 20 


Reaction with 
antl-I-c* 

Reaction with 
anti-Le® 

Phenotypes 

+ 

__ 

Lc(a + b— ) 

— 

+ 

Lc{a— b+) 

— 

— 

Le(a— b— ) 

4* 

+ 

Le(a + b-h)* 

• In individuals of groups 0 and Aj. 


The Lewis antigens are primarily substances present in the saliva 
and serum (Grubb and the erythrocytes obtain them by absorp- 
tion from the latter (Sneath and Sneath®®). Since the Lewis 
phenotype depends on the sccrctor genotype, a nonsccrctor «) 
inheriting the Lewis gene Lt has blood of the Lewis phenotype 
Le(a + b— ), while under the same circumstances the blood of a 
sccrctor (Jr rr or Se Se) will be Lc(a— b + ). The prominence of the 
Lewis phenotype is also affected by the ABO group of the blood. 
Thus the At gene interferes with both the Le*" (Andhesen^^) and 
Lc* (CuTBUsn ctal.®') antigens (cf. Table 20). The genetic relation- 
ships between the Lewis groups of the erythrocytes and the secre- 
tion of Lewis and ABH substances in the saliva have been studied 
by Grubd'® and by Ceppellini®®; their views are summarized in 
Table 21. 


Tabff2) 


Genotype 

Antigens 

in saliva 

on 

erythrocytes 


ABH 

Le* 

Let>L 

Le*’" 

StSeLeLt ■» 

Se Se Lt U I 

Se se Le Le [ 

Se se Le U ) 

■f 

+ 

-1- 

•f 

Le(a— b+) 

se se Le Le 1 
se se Le le / 



— 


Le(a4-b“-) 

Se Se le le ) 

Se se le le / 

+ 

- 

- 

■h 

Lc(a— b— ) 1 

se se le le 

- 

— 

— 

— 

Le(a— b— ) 


The Duffy blood-group system (Cotbush et a!., 1950®®) 

The antibodies anti-Fy“ (Cutbusk et al.®®) and anti-Fy” (Ikin 
et al.®®) react respectively W’ith the human erythrocyte antigens Fy» 
and Fy*’. The latter are determined by a pair of allelic genes Fy" and 
Fy’’. Sanger et al.®® described the phenotype Fy(a— b— ), of 
common occurrence among negroes as well as the Jewish popula- 
tion of the Yemen. The Duffy blood groups arc summarized in 
Table 22. 


Tabk22 


Reaction v?ith 
anti-Fy* 

Reaction with 
anti-Fy** 

Phenotype 

Genotype 

+ 

- 

Fy(a-bb— ) 

pyapyo 

-f 

+ 

Fy(a+b+) 

pyapyti 



Fy(a-b-h) 

pytpyi 

— 

— 

Fy(a— b— ) 

Fypy 


The Kidd blood-group system (Allen et al., 1951 »') 

The antibodies anti-Jk> (Allen et al.«®) and anti-Jk” (Pl.sot 
et al.«®) react respectively with the human erythrocyte antigens 
^k‘ and Jk^ determined by the allelic genes/A» and/fiMn the Kidd 
etoups individuals have likewise been found whose blood reacts 
® with anti-]k* nor with anti-Jk^ i.c., of phenotype Jk 
h 1 The serum of such persons may contain the antibody 
SnSk‘ 3 k^J«“^RroN et al.®®). The Kidd blood groups are 
summarized in Table 23. 


Tahk 23 


Reaction with 
anti-Jk^ 

Reaction with 
anti-Jk^ 

Phenotype 

Genotype 

■f 

— 

Jk(a-i-b-) 

jhjh 

-1- 

-f 

Jk(a-f b-h) 


— 

+ 

Jfc(a-b-f) 




Jk(a-b-) 

JkJk 


The Diego blood-group system (Lavrisse et al., 1955®®) 

Anti-Di*, first found in Venezuela by Layrisse et al.®®, del 
an antigen Di* so far detected on the erythrocytes of mongo 
peoples, particularly the South American Indians. Anti-Di” 
also been described (Thompson et al.®®). 

The Auberger blood-group system (Salmon et al., 1961®') 

The antibody anti-Au'has been found only once (Salmon etal. 
The antigen Au“ is equally common among whites and negrt 

The Dombrock blood-group system (Swanson et al., 1964®' 

Swanson et al. ®® described the antibody anti-Do“, reacting w 
a hitherto unknown erythrocyte antigen Do* present in about tv 
thirds of the bloods tested. 


The It blood-group system (Wiener et a!., 1956®®) 

Anti-I is formed by those individuals whose erythrocj’tcs cat 
the very small quantities of the antigen 1 (Wie.ner et al.®®). Ant 
consists either of autoantibodics or of rare, naturally occurrti 
iso-antibodies of cold type. Cord-blood erythrocytes react 0.1 
weakly with anti-I; the normal antigenic reartion develops gi® 
ually and reaches the adult level at 18 months. Anti-i vas di 
coveted by Marsh and Jenkins®''. There are various degrees i 
prominence among I carriers. A distinction is also made beWK 
ii (tare among whites) and is (rare among negroes). A conneflio 
between the I and i characters and the ABO blood groups is like 
(Tippett et al.®®). 

The Xg blood-group system (Mann et al., 1962®®) 

The Xg blood group is of particular genetic interest as th®^^ 
one so fat known that is inherited through the X chromosome, ft' 
antibody Xg* is very rare. The antigen Xg*, located on the shot 
arm of the X chromosome, has contributed greatly to new knov 
edge of the topography of this chromosome. 

The Yt blood-group system (Eaton et al., 1956®®) 

An antibody reacting with 99.6% of English bloods '‘•a* d'J 
covered by Eaton et al.®® and named by them anti-Yt*. Ann- t ■ 
which reacts with about 8% of bloods, was described by Gttts aeu 
Met ANAS®®. 


Antigens of infrequent ocmrrcnce (private antigens) 

Antibodies have repeatedly been found which react with anti.etj- 


often confined to a single family. The genetic classification 


Oftb' 


genes corresponding to these family antigens presents 
and usu.illy it is only possible to demonstrate their 
independence of the blood-group characters described a!»ve 
chapter and of other individual, private or family 
hereditary character of most of these antigens has 
namely Levay®®, Jobbins®®, Becker’®®, Ven'®', Wr*’®', ' 

Rm®», By'®*, Chr*'®®, Sw*'®®, Good’®®, Bi’®®, ’uV 

inhcrit.ance has not been proved, namely Stobo”®, Ot” > ' ^ J 
Price”® .and the antigens of the Bennett, Goodspeed, Sturgeo 
Dorma groups' ’ '*. 


Widely distributed antigens (public antigens) . j 

These are antigens whose absence from human | 

an extremely rare occurrence. Examples arc Vel”®, Ge , - t 

andSm”®. ( 


Clinical significance of the blood groups ^ ^ | 

Blood-group specific antibodies may bring about | 

actions during blood transfusions or be the cause ot ( 

disease of the newborn. The most important and ” lie in ' 
tributed of the blood-group specific antibodies and mcit | 

caus.ation of the haemolytic transfusion reaction (Hi -r-Aui' | 
molytic disease of the newborn (HDN) arc summarized in 
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Tabu 24 ClinicaUmportanceofthe blood-group specific antibodies (adapted from Mitaxai"*) 


Blood group 
iriiem 

Antibody 

HTR 

HDN 

Blood group 

Antibody 

HTR 

HDN 


anti-A 

anii-B 

■ntl-H 

Yea 

Yea 

Very rare 

No 

Yea 

Rate 

No 

No 


aoti-K 

anti-Kpa 

anti-Kp* 

anti-J,» 

Yes 

Very rare 

No 

No 

Rare 

Yes 

Very rate 

No 

Very rate 

No 



MNSs 

anti-M 

anti-N 

«nti-S 

anti-U(S+i) 

Very rare 

No 

Very rare 

Ve^ nre 

Very rare 

No 

Rare 

Rare 

Very rare 

Lewis 

anti-Le* 

anti-Le” 

anti-X 

(Le‘+Le^) 

Yes 

Rare 

Yes 

No 

No 

No 


anti-Pi 

Very rare 

No 

DufTy,, . ... 

anti-Fy* 

anti-Fyx 

Yes 

? 

Very rare 

No 



anti-D 

antt-C 

anti-c 

anti-O 

inti-B 

Yea 

Yes 

Yea 

Yea 

Yes 

Rare 

Yes 

Rate 

Yea 

Rate 

Yes 

Very rate 


Kidd 

anti-Jlt* 

anti-JV® 

ami-Jk‘Jlc» 

Yes 

Rate 

Rare 

Rare 

Very rate 
? 

Diego 

anti-Di* 

Yes 

? 

Lutheran , 

anti-Lu» 

anti-Lu* 

No 

Yea 

No 

Very tare 

Auberger 

anti-Au» 

? 

? 
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Scrum groups' 

Sonic scrum proteins exhibit a genetically determined allotypy 
that allows scrum groups to be distinguished. Such proteins include 
the Y-globulins (Gm groups), the aj-globulins (haptoglobins and Gc 
groups), the lipoproteins (Ag, Lp and Ld groups), the transferrins 
and scrum cliolincstcrasc. Polymorphism occurs not only among 
the scrum enzymes but also among those of the erythrocytes, such 
as acid phosphatase^®, phosphoglucomutasc^', esterases^® and lac- 
tate dehydrogenase^®. 

Gm scrum groups (Grubii and Laurell®) (genetic factors of the 
immune globulins) 

The Gm scrum groups arc determined by the Gm factors located 
on the H chain and the Inv factors locarcd on the L chain of the 
immune globulins (see also page 581). The Gm and Inv factors can 
be detected by means of the agglutination-inhibition reaction with 
Rh-positivc erythrocytes carrying incomplete anti-D antibodies. 
A further character of the immune globulins, located on the H 
chain of the Yah type and independent of the Gm and Inv factors, is 
detected by a scrum known as anti-ISf. So far, 22 Gm and 3 Inv 
characters have been described. The most important Gm factors 
arc Gm” (Grudb and Laurell®), Gm*- (Harboe®), Gm» (Harboe 
and LoNDETCtLE®) and Gm' (Gold ct ai.®). In 1965 a new nomen- 
clature was proposed under which these Gm factors would become 
Gm(l), Gm(5), Gm(2) and Gm(4) respectively, while the original 
Inv(l) factor would be redesignated Inv(l). 

Haptoglobin groups (SstiTHtES®) 

When the aa-globulins ate separated electrophoretically in starch 
gel the haptoglobin bands show group-specific differences. These 
allow three Hp phenotypes to be distinguished, corresponding to 
three genotypes (Table 1). 


rai/t 1 


Phenotype 

j Genotype 

Hp 1-1 

Hp’jHp’ 

Hp2-1 

Hp’IHp'- 

Hp2-2 

HpflHptt 


Haptoglobins are normally absent from the blood of the new- 
born. Ahaptoglobinaemia may also result from intravascular hae- 
molysis. True ahaptoglobinaemia, a defect in the blood proteins, is 
extremely rare. 

A few rare variants ofthe haptoglobin groups have been reported, 
such as Hp-Ca (Galatius-Jensen®) and the Johnson type (Gib- 
LETT«); the latter occurs in two different modifications (1 and 2). 

Group-specific components (Gc groups) (Hirschfeld®) 

By immunoclectrophoretic separation of the as-globulins 
Hirschfeld® was able to show that these proteins exhibited an 
allotypy he designated Gc grouping. A rapidly migrating Gc-l-l 
type is distinguished from an intermediate Gc-2-1 type and a 
slowly migrating Gc-2-2 type. 

Corresponding to these phenotypes are three genotypes owing 
their existence to the autosomal genes Gr' and Gr®: Gr'Gr', Gc^Cc- 
and Gc-Cc-. Very rare variants are Gc’‘ (Hirschfeld'®), Gcf 
(Hirschfeld ' ') and Gc^ (Hennig and Hoppe '®). 

Lipoprotein groups (Ag groups [Allison and Blumberg’®]; 

Lp groups [Berg"*]) 

In the complex class of lipoproteins a distinction is made between 
higb-densky Wpoproterns and low-density lipoproteins (LDL). 


The latter also show a genetically determined allotypy th 
demonstrated by means of precipitating immune sera. ' 
precipitating anti-LSL antibody was found by Alliso.n an 
berg'® in the scrum of a patient who had received a large 
of blood transfusions and named by them anti-Ag. Iso-pr 
with anti-Ag specificity were also found in the blood ofwoi 
had had at least four pregnancies (Durwald et al.'®). Vai 
specificities have since been described in addition to the 
Ag(a)'®, namely Ag(b)'«, Ag(x)'®, Ag(ai)'« and Ag(z)'«.l 
ccntly, Berg'® has proposed the designation Ld(a) for yet 
Ag specificity. 

It has not proved possible to produce a heterospecific 
serum from animals, though by immunizing rabbits Ber 
tained heterospccific anti-LDL sera reacting with a furth 
antigen, Lp. The genetic independence of the Ag and Lp eh 
appears to have been confirmed'®. Isoimmunization again' 
factor has not yet been reported. An anti-Lp serum has al 
produced from horses®®. Whereas the original anti-Lp i 
defined the factor Lp(a), the heterospccific anti-Lp horse s 
reacts with the factor Lp(x). 

Transferrin groups (Smithies®') 

The transferrin groups (Tf groups) arc due to polymorp 
the iron-binding 3i-globulin transferrin (siderophilin). Up i 
types of transferrin distinguished by their different eicctrop 
mobilities are known (S.mithies and Hiller®®, Giblettc 
Each transferrin corresponds to an autosomal gene, of whi 
individual possesses a pair. Most members of the white n 
homozygotic for the gene Tyt. 

Cholinesterase groups (Lehmann and Ryan®®, Kalowsi 
Genest®®) 

Group-specific differences in the activity of the scrum t 
cholinesterase give rise to the cholinesterase groups. Their i 
interpretation is still obscure. 
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t/n!es] otherwise stated, the following data apply to the tundiar 
fluid of adults drawn from the spinal subarachnoid space between 
the 3td and 4th lumbar Teriebrae. As a result of vaiiations m the 
secretory, ttansudatory and tesorptire processes there art some 


difleicnces in she composition of the fluid in the various spaces, i e., 
between that of lumbar fluid, cisternal fluid and vemricular fluid. 
For funhcT details the reader is referred to the specialized litcra- 




95V. range 
(enreme range 
in brseken) 
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Rcfet- 

tnce 

Rrimrlrs 

Phyaleochemicol 

data 






Ptessust (mmltg) 






Otiidfca 


(30-7.5) 

- 


A(erfliiac(ftri(6 (6ecu5|eci lying on Aff side 3fe>suredvaAje, ,te tf!ected6y 

Adults 

Volume (ml) 


(4 5-13 S) 



theposttionofthetuhject.bybrealhing and by the heartbeat The pressure 1) 
increased by inhilif son c^COi end by alkalosis, decreased by mhalaiion of Os 
andbyperveiualifion^ till thepreisurelaincreaaedonconipTrs- 

sion of both lugular veins and returns co normal at soon ai the compression is 
released Ifthe pressure of (he spinal fiuidincceiset on compression of i single 
(ugular vein, this ladicaiei ihrombosii of the lateril venous linus on the 
opposicc side 

Infants 


(40-60) 

- 

* 

In adults the volume is made up of about 35 ml in ihe ventcicles, 25 ml in the 

Young children 


(60-100) 

- 

» 

subarachnoid apace and the cisicrnae. and 73 ml in the spinal canal 

Older children 



- 

* 


Adults . . 

Appearance 

l>«uei>cyte eount (pet jil) 
Neabom (0-14iiayi) 

135 

(100-160) 




Lumbar fluid 

Adults 

75 

(0-tS) 

- 


Vsl 

(a) Lumbat fluid 

* U 

0-5 3 




(b) Gscetnal fluid 

09 

0-3 6 




(c) Veniricubf fluid 

- 

(0-1) 




Erythrocyte count (pee ul) 






Newborn (0-14 days) 

120 

(0-675) 

' 


Fk 

Speclfie gravity 

Preeilng.polnt depression 

1 007 0 

(10062- 

10082) 

- 

" 

\sl' 

Oimolatiiy 

0 569 

(0 54CM) 603 

' 


Iv., 

(mosm/kg 11,0) 

306 

- 

- 

>* 

|f 

Refractive indeT 

Surface tension 

- 

(1 33494- 
1 33510) 

' 



*C, dyn cm-rj 

61 5 

60 0-630 

075 

•* 

Afej 

Relative viscosity (35 ‘Q 
Specific eonductivit* 

- 

(1 020-1 027} 


" 



0 01190 

. 




^substance Ot'kg) 
pH value 

10 8 

(8 5-17 0) 



Vili 

Cittemal Puid . 

7 349 

7jr-7371 

0011 

•> 
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— 

9SV. range 
[extreme range 

7] 

lefee 




to blacken) 




lanotamlne (mg/I) 

•atin«(mg/l) 


(0M.5) 

(4 S-18 7) 




- 

- 

- 


.1 1-./ 


(6-14) 

(138-364) 


4t 


e* (mg/1) 

250 

- 


Values from 106 tub|ects by the urease method The urea concentration of the 
apiaalAuidiseboutihceea^uatteriofthat of the lenune^ It 1$ increased in 






discasea acooct^anicd by nitrogen retention 

icacld(mgfi)... . ... 

- 

(5-26) 

- 

* 


retylcholine (ng/1) 

- 

«20) 1 




Utamtne (ug/l) 

9.7 

(2-30) 

- 

; ” 


rotonln (iig/1) 

1.04 

0 66-1.42 

0.19 


Values from 49 subjects by a biological method 

idox;Uu1phurle acid 

(mg/1) 

1.0 

0 6-1.4 

02 

" 

Values from SO subjects Ineressed in tentl insufficiency 

Ulrubln (mg/l) 

Nevbom . 

24 

04-44 

10 

a. 

Values from 34 newborn infants with t bilirubin serum leeel of 67 mg/l The 

Adult* 

- 

(<0 1) 

■ 

** 

lacKmeoefficieneOSr'O 3fostof<he bilirubinin the sninil fluid 11 m it.> 1.-. 






eoniugatcdfotm** ** 

roielni (mg/l) 
hildfert 

Ot-Sdays 

700 

(250-900) 




9) 5-8 month* 
vdulet 

204 

156-252 

24 

‘ 


e) Lumbat fluid . 

244 

156-333 

44 

•» 


d) Lumbat fluid 

313 

lI)-!03 

95 

*• 


e) Ciitemal fluid 

218 

127-310 

46 



f) Cistcmal fluid 

183 

97-269 

43 



'g) Ventnoilac fluid 

171 

0-369 

99 

1 



Mucoprotein* (mg/l) 

i 

! M 

15-87 

18 



Sialic acid (mg/l) 

i 51 

t 

33-69 

09 

*' 

DelenninedlnlSaamnksbr the ihiobttbituricsi-ij —..v j — . 
eoniaimnofi*e,iaI.eKid method The spinal fluid 

8- Lipoprotein* (mg/l) 

0 39 

(0 10-062) 

018 

1 ** 

t Values from 12 subjects 


Paper-clecttophorrtlc protein fraetloni of aplna! fluid (as percentages of the toul protein) 




Cerebrospinal Fluid 


63d 




95% fsngt 
(extreme tange 
inbrecket.) 

• 

L^er- 

Remacki 

Carbohydrates 

and non*nltrogenous 

metabolites 






Glucose (mg/l) 

(a) Lumbar fluid 

61S 

487-743 

64 

„ 

Determined .—■‘—a . «v ^1 1 .... 

(b) Lumbar fluid 

670 

480-860 

95 



(c) Lumbar fluid 

- 

(500-800) 

- 

to 


(c) Cutemal fluid . 

- 

(500-900) 

- 

to 

‘ 

(c) Ventricular fluid ... 

- 

(500-900) 

- 

to 

« • 

Fructose (mg/l) , . 

34 

(2^2) 

- 



Glucosamine (mg/l) 

90 

(50-180) 

- 



Inositol (mg/l) 

25 5 

13 7-37.3 

59 

>• 

Values fram 14 lubfecti 

Pyruvic acid (mg/l) 

- 

(4-7) 

- 


Diagnonic use o4 (hit assay hat been luggetiedC 

a-KetoglutatIcacId (mg/l) 

- 

(0.3-29) 

> 



Oxaloacetic acid (mg/I) 

- 

(0 8-1.1) 

- 

.0 


Succinic acid (tng/l) 

- 

(28-39) 

- 



Citric acid (mg/l) 

Lumbar fluid 

Ciitetnal fluid 

i ” 

- 

) 

i - 


Valim ficm )0-yeae old subjeeii The citric acid concentration of the tpinsi 
fluid mere ttev « uh s|« 

Lactic acid (mF.q/l) 

6 

0 84-2 36 

|o38 


isO S meihod from 23 tubjeeti whow scrum lactic acid level 

Acetoacctlc acid (mg/l) 

1 2 67 

(1 61-5 *6) 

' 12 & 


Values by an eiuyme meihod ffom 11 subjects 

B Hydroxybutyricacid 

(mg/l) 

4 83 

1 (2 47-9 80) 

*2 49 
! 

•• 

ValuetbyanettTymemeihodftomll subgeeu 

Vitamins 





; 

Thiamine (ue/t) 

(a) 

(b) 

4 

(13-17) 

(3-12) 


i a* 

1 pboeylaicd form' ^ ‘^“‘^'I’lsmineoeeurimbothihefreesridphos. 

Vitamin B4 (itg/l) 

- 

IO-075) 

1 - 

1 

Detcfituned 

Nicotinic acid (mgfl) 

- 

1 (01-4)5) 

! - 

’ 

1 

Folic acid (ug/l) 

(a) 

(b) 

- 

(10-30) 

(1-5) 

i; 

;; 

1 Determined «..h (a) iMUian//., rsi p.j 

, p.ge«78 Formeihodstce 

Vitamin Dll (ng/I) 

- 

(0-30) 

' - 

' « 

^ Peterttuned with OtAeeawaa, mtlk^mnu, 

Pantothenic acid img/li 

0 52 

(010-17) 

- 


Valuesfrom103tubreetiiteTerrTkir.-a ..u r 

Ascorbic acid ^mg '!) 

- 

(3-21) 


- 

1 Preaent in rhe reduced form 


Rcfercticc* 

' Mcv^orkc and GriMr? inLaaic <ij 1 ^Ld» 1 SfrUriTkHr/tUrr/lamt 

anjpatXih c^'ik »kr«tiKV^ Ami’rif liHhrd 5,^ptin 
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Cerebrospinal Fluid 


BB 


H 

Refer- 

ence 

Remarks 

... 

... 

... 

■ 

About 30 enzymes have so far been identified in the spinal fluid***®. In ad 
to those listed, the spinal fluid contains %’arious esterases (c.g., cholincst 
lipases, ribonucleasc, tsocitratc dehydrogenase and succinate dchydroj 
There is no direct relationship between the cnzjTnc activity of the seru 
that of the spinal fluid. Disturbances of the permeabilit)’ of the blood 
and blood-spinal fluid barriers may result in transudation of enzymes fr( 
scrum and cerebral parenchyma into the spinal fluid- 

1.0 

0.54-1.46 

0.23 

e3 

Values from children aged 2-15 years. 

18.4 

6.8-30.0 

5.8 


The propottiotrs of the individual isoenzymes in the spinal fluid are mu 
same as in the setum®^. No significant age differences have been obscr 
childten®^. 

20.8 

12.8-28.8 

4.0 

e4 


0.31 

0.05-0.57 

0.13 

€6 

Values from 77 children. 

- 

(0-10) 


67 


Determined spccuophotomctrically. Significant age differences have not 
observed in children®'^. 

- 

(0-9) 

- 

67 



0,17 

(0.05-0.28) 

- 



0.29 

0-0.73 

0.22 

64 


1.2 

(0.5-1. 3) 

- 

69 


15 

(2.5-38) 

- 

69 


12.52 

7.66-17.4 

2.43 

69 

The spinal fluid contains triglycerides, phospholipids, 
teryl esters. The fatty acid composition of the spinal fluid iplds is quail . 
similar to Ih.it of the plasma lipids; the proportion of Imolcicacid in th 1 
fluid fatty acids is lowet than that in the plasma fatty acids (..■» •) 

4.17 

0-9,01 

2.42 

59 

Calculated by difference. Probably consist mainly of ttiglycctidcs. 

3.95 

2.19-5.71 

0.88 

69 

Tile proportion of free cholesterol u'3.s (a) 33 "o, (b) 44 . 0 . 

4.63 

1.55-7.71 

1.54 

71 


5.49 

5.21 

2.09-8.89 

3.41-7.01 

1.70 

0.90 

71 

The phospholipids of the spinal fluid “nsist oflccithins, cepHaUns pbm 

lissaassssf 

Sph.dm eonccn.ratioit of the spinal fluid is increased 

1 70 

42-98 


74 

- 


Eniymcs* 

1.1.1.14 

L-Iclifol tlchydrogcnnsc 
(U/l, 25 “C) 

1.1.1.27 

Lnctatc dehydrogenase 
(U/1.25°C) 

1.1.1.37 

Malntc dehydrogenase 
(U/l. 25 °C) 

2.1.3.3 

Ornithine carbamoyltrans- 
ferase (U/l, 37 “Q 

2. 6 . 1.1 

Aspartate aminotransferase 
(U/1.25”C) 

2. 6 . 1.2 

Alanine aminotransferase 
(U/l, 25 °C) 

3.4. 1.1 

Leucine aminopeptidase 
(U/l, 37 °C) 

4.1.2.13 

Fructose diphosphate 
aldolase (U/l, 37 °C) 

5.3.1. 6 

Bibose phosphate 
isomerasc (U/l, 37 °C) 

5.3.1. 9 

Glucose phosphate 
isomerase (U/l, 37 °C) 

bipids 

Total lipids (mg/l) 

Neutral fats (mg/l) 

Cholesterol (mg/l) 

oo 



Phospholipids 

(mg/l) 




Total fatty acids (itmol/l). 


* GWen ate tVie nurabers 


arM:ronof;hcunUUt«p.gc584. 


and trivial names recommended by 


the Enzyme Commission of the 


Internationsi Errion of »iochcmi«ry (see r’pes - 
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9SV. noge 
(eitre me range 
in brackets) 

r7 

RHtr- 

cace 

Remark! 

ibohydrates 
d non-nlttogenous 
itabolitcs 






Jco«e {mg'O 






Lumbif fluid 

Lumbif fluid 

615 

670 

487-743 

480-860 

64 

95 


Dctenmoed br (») elurose cnidaie method, (b) Folin-W u method (c) Hace 
DOarr-jEiesENinechod Gluccaecanilro bedctem.(—j - .,r j : 

Lumbar fluid 

- 

(500-800) 


ra 


Cisttm.il fluid 

- 

(500-900) 


re 


Ventricular fluid 

- 

(500-900) 

- 

re 

a 

u<iose(mg/l) 

34 

(24-42) 

- 

rr 


ucotamlne {mg/l) 

90 

(50-180) 

- 

7a 


ositol (mg/l) 

25 5 

13.7-37.3 

59 

7. 

Value! fiooi 14 lubjecta. 

ruvic acid (mg/I) 


(4-7) 

- 

ae 

Diagnostic me of tfai! assay has been suggested*' 

ICetoglutaric acid (mg/1). 


(0 3-29) 


ae 

taluacetlc acid (tng/1) . 


(0 8-1.1) 


ae 


icelftic acid (mg/1) 

- 

(2 8-3.9) 




trie add (mg/1) 






itctnal fluid 

37 

- 



tctle add (mCq/l) 

U 

0 84-2 36 

038 


•‘p” “™" '-i 

Ktoacctie add (mg/1) 

167 

(1 61-5 46) 

126 


Hydroxybutydeadd 



Values by an enTyme method from 11 subjects. 

(mg/l) 

4 83 

(2 47-980) 

2 49 

«• 

Values by an enayme meihod from 11 lubieets. 

Itamlna 

hiaminc (ug/l) 

•) 

Itatnln D, ii»g/lj 
licotinlc add (mg/l) 
ollc acid (wg/l) 


1 III 

- 


P>) 36 suhiect, *iih 

(*«Tl»*ed form' ^ owurs m both the free and phos- 

Detetmiried«uh T.mijmrn, 


- 

(l«V-30) 

(1-5) 

- 

;; 


itamln Bn (ng/i) 

anloihenlcacld (mg,l) 

>scotblc acid (mg/l) 

0 52 

(0-30) 

(0 10-1 7) 

(>-21) 

~ 

*• 

Determined u.ih 

*n the cambincd Present mainly 





Present in the reduced form 

RtCctcncci 






HiMpr.i .ndGrivm in 1 ,^c 

t>I (ld< 


'VcDfii e a 

*Riux. 


"lUu. . , - ■ . 

t>M ■ . , , 

'• Ktsj. 


/ 
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Synovial Fluid 

(For references see page 642) 


The synovial fluid consists of a scrum ultrafiltrate together with 
a secretion formed by the cells of the synovial membrane; the latter 
component contains mucopolysaccharides. Normal values for the 
synovial fluid have been assembled by Ropes and Bauer' and by 


Dittmer^. For changes in the composition of the synorblfl 
joint disease see the literature 
Unless otherwise stated, the data given below refer to syi 
fluid from the ^nee joint. 



Mean 

95% range 
(esetreme range 
in brackets) 

Physical data 



Volume (ml) 

1.1 

(0.13-4.00) 

Specific gravity 



(20 “0/20 "Q 

Viscosity 


(1.0081- 

1.015) 

Relative viscosity (37 °Q 

- 

(>300) 

Intrinsic viscosity (37 °C) 

46.3 

26.9-65.7 

Cells (per ii\) 

63 

(13-180) 

pH value 

7.434 

(7.31-7.64) 

Water (g/kg) 

- 

(960-988) 

Dry substance (g/kg) 

34 

(12-48) 

inorganic substances 



Carbon dioxide (minol/1)- . . 

- 

(19.3-30.6) 

CMoride (toEqli) 

107.4 

(87-138) 


9.7 


Refer 

ence 


Remarks 


Open increased to 10-30 ml in joint disease. 


^ I Postmortem \'alucs in 25 subjects. 

The viscosity is dependent on the hyaluronic acid content. It is often dimit 
in joint disease 

Consist of 63% mononuclcit phagocytes, 25Vo lympboct’tcs. 6.5.o 
morphonuclcar leucocytes and 4“e synovial cells; any erythrocytes nor 
arise from injury during aspiration. The s-arious kinds of cell present i 
fluidin rheumatic diseases have been studied®. 

to I Measured in vivo. The pH is lower in inflamrmtory joint disease. 

^ I Postmortem s*aluc5 in 25 subjects. 


" In accordance with the DonnAv equilibrium the bicarbonate concentration ot 
the synovial fluid Is higher than that of the scnimL 

^ In accotAincc n'ith the Dos-nan cquilihrium the chloride conccnttitK^n of 
the synovial fluid is higher than that of the serum’. 


I 


041 



t mirks 


I iiioa of the synoTiil fluid it the time it 

of the synOTiiI fluid Is the time at that 
ifj in traumatic drgeneratiTe trihritit titd 

rdance with the Doknan equilibrium (he 
iTiilfluidit lower than that of the leruni' 
njoint disease’ 

rdance with the X>onnan equilibcium the 
111 fluid li lower than that of che terum'. It 
lomtdiieaie’ 

ttecordance with the Donnan equilibrium 
loaial fluid I slower lhan that of the terum'. 

I } calcium pyrophosphate crystals have been 


I (uilibrium the magnetium concentration of 
' .t of the terum' 


1 Ineieised in rheuiTutoiditihriiii 


d in theumarotd irthiilit 


Increased in |Oint diseaaa ii t retult of th< 


total mitogen 

synovial fluid it roughly equal to (hit ef the 
ate otien found in the lynovial fluid’*. 


uei in the literature, (b) deieimincdin 6inen 
ttion of albumin it higher than in iht lenim. 
^riion ofai-glohulinaiauauitlyhigheethul 
haptoglobin conieniiilov**, andflbtinoger) 
Item’* The protein conctmtttion II utuany 
** ** a*, ctpecially in theumaioid arihtitit. 
loglobin’*, Y globulin** ** ** and eaetulo- 


ne lynovial fluid and include lactate dchydro* 
aK** **, itocitrate dehydrogenase**, glutt' 
ninotrtnsferue** **. tlanine iminotcantFet- 
ate*'. 3 glucuronidase**, iminopeptidate**, 


’ *® and glucoie photphaie laomertae** ** 
lines lie wiihin or below theie normal ranges 


if many of them irelncteastd in inflammatory 


roton" 
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The synovial fluid consists of a s< 
a secretion formed by the cells of the 
component contains mucopolysaccl 
synovial fluid have been assembled 


Physical data 

Volume (ml) 

Specific gravity 

(20°g20°C)... 


Tanderil® 

Geigy 


brings 

■nflammation 
jnder control 




aynoviai t-iuid 




9534 tiQge 
(»tttR>c range 
in bracket*) 

- 

Rcfct- 


Phoiphate 





The inorganic phoaphale concentcaiion of the tynorlal fluid i> tbe i 
abac of Che lenim'. 

Sulphate ■ • 





The moronic lutpbaie concentration of tbe synovial fluid 1* the umt 
of the aenim. bun* gifocf*2Jy/«wrfli'in tfiumicicdcgenertft«afth/ 
dinmo/rfin theuRUtoid irihcitis’'. 

PoUMium (mEq/1) 

40 

3S-43 

0 25 


Dettniunedm tO aubtecii In tccoidance with the Donnan equilibri 
pouatiutn concentration oftheiynovial fluid is lower than thatof thei 
It abovt no chatactetistic changes in |0ini disease^ 

SodiuW (mEq/1) 

136.1 

133-139 

163 

ts 

Determined in 10 subieets In iccotdante with the Doknan equilibn 

ahowano characcerittie chaogei m joint diaeatea 

Calcium (rnEq/l) 


(2^7) 



Posiinonetn valiictin2Siub{ecis Iniccotdance with tbe DoKNANequi 
the calcium conceal ration of the lynorialfluidii lover than that of the i 
Indtoodrocalcinoiii (paeudo-goui) calcium pytopbospViaie crystaltba 
found in die synovial fluid’ * 

Ma^eilum ... 

Aluminium (ug/kg) .... 

290 

(40-900) 


,, 

In accordance with the Oonnan equilibrium the magnctium eoncentr 
the ayflovial fluid la lover than thatof the actum’ 

Poalmortein ^ertrogrtphlc values 

Ifon (ng/kg) . ... 

43 

(30-90) 

- 


Potononem apectrogtaphic values 

Coppet (ug/kg) 

1 210 

(40-640) 

- 

.. 

Postmonetn apeeiregraphic values Increased in thrumatoid artbritii 

Rubidium (ug/kg) 

1 S40 1 

(110-1300) 

- 


Poaimotietn ^cuogiiphie values 

Zinc(ug/1). . . 

373 

j 247-499 

63 


Oeiciminedio 6 samples Increased in eheumetoid ardirilia 

Oig«nl« »iibtUnG«e 

Total nli»g«Q (g/l) 

KonpKitln nltfogen (g/1) 
Uric add (mgjl) 

Preicln (g/l) 

73 4 

(0 84-4 0) 

(0 22-0 43) 

- 

■. 

Potimotieis values in 25 subjects Incteised la joint disease as ( teiu) 
inereased protein content 

Coctesponds to about tOU of ibe teulniuogen. 

The uric teid concraintion of the synovial fluid is roughly equsi to thi 
serum logout, utteaeid crystal* are often found in the lynovial fluid 

(1) . . 

17 2 
12 

1 

(4 5-31 5) 
(5-l9> 

- 


'*'*■ • , ' 

Eniftnca 

1 

i 




puaminU' (taction* 




j 


<iKAu<Ken>tationt et theie etizyme* lie vitbin or below their norma 


Prwtin frtctloru in ihe lynori*! fluid {and 
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Synovial Fluid 


i 



Mean 

95% range 
(extreme range 
in brackets) { 

/ 

Refer- 

ence 

Remarks 

Reducing Bubstances 
(glucose) 


1 

1 

• . • 

The glucose concentration of the synovial fluid is about the same as that ol 
scrum in health but lower in inflammatory joint disease (sec table below) 

Hyaluronic acid (g/1) 

3.21 

1 

2.45-3.97 

(2.50-3.65) 

0.38 

34 

Determined in 8 subjects as hcxuronic acid. The hj^iluronatc normally < 
tains 2% of protcin’^^, that from pathological effusions 10%^^. In ji 
disease the hyaluronate concentration is usually lot'ered3‘ 3 . 23 . 26 . J^.The dcj 
of polymerization of the hyaluronate is lovtred in inflammatory joint diseast 
this results in a lowering of the intrinsic viscosity of the synovial fluid an 
responsible for the pathological result in the mucin test (sec table below). 

Sialic acid (g/1) 

0.28 

0.14-0.42 

0.07 

37 

Determined in 10 samples by the diphcnylaminc reaction. 

Lactic acid 

... 



... 

The lactic acid concentration of the synovial fluid is the same as that of 
scrum but is increased in inflammatory joint disease**^®. 

Ascorbic acid (mg/1) 

- 

(1.5-11.6) 

- 

39 

Measured in 6 patients with rheumatoid arthritis. 

Lipids 


... 


... 

1 In joint disease the lipid concentration of the synovial fluid is about 10 tir 

1 greater than normaH^^**^^. 

1 

Cholesterol (mg/1) 

71 

- 

- 

4 , 



- 

(50-140) 

- 

21 


Phospholipids (mg/1) 

138 

(130-150) 

- 

41 


Triglycerides (mg/1) 

0 

- 

i 

41 



Synovial fluid in joint disease'* 



Normal 

Noninflammatory 

Inflammatory 

Septic 

Haemorrhagi' 

Volume (ml) 

<3.5 

>3.5 

>3.5 

>3.5 

>3.5 

Appearance 

cleat, colourless 

straw-yellow, clear 

cloudy, yellow 

cloudy, yellow 

bloody 

Viscosity 

high 

high 

low 

low 

variable 

Fibrin clot 

absent 

usually absent 

present 

present 

usually abstr 

Mucin clot* 

Strong 

Strong 

friable 

friable 

variable 

Nucleate cells per microlitre 

<200 

200-5000 

2000-100000 

20000-200000 

200-10000 

Polymorphonuclear leucocytes in nucleate cells 
(%) 

<25 

<25 

>50 

>75 

<50 

Difference between glucose contents of blood 
and synovial fluid (mg/i) 

<100 

<100 

>250 

>250 

<250 

Cultures 

negative 

negative 

negative 

often positive 

negative 

* After addition of acetic acid. 
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Saliva 

(For references see page 646) 



Mean 

95Vo range 
(extreme range 
in brackets) 

■ 

Refer- 

ence 

Phosphorus (mg/1) 

Parotid saliva 

(a) Inorganic phosphorus , . . 

201 

1 

14-388 

93.5 

3 

Submandibular saliva 

(b) Inorganic phosphorus . . . 

148 

(90-420) 

26-270 

61 

1 

Total saliva 

(c) Total phosphorus 

204 

(70-350) 

120-288 

42 


(d) Organic phosphorus .... 

55 

0-133 

39 


(c) Inorganic phosphorus . . . 

149 

81-217 

34 


Sulphur (mg/l) 

- 

(30-200) 

- 


Bromide (mg/l) 

- 

(0.2-7.1) 

- 


Fluoride (mg/l) 

- 

(0.08-0.25) 

- 


Iodide (mg/I) 

0.102 

0.002-0.202 

0.05 

2B 

Thiocyanate (mg/l) 

113 

(0.035-0.240) 

0-257 

72 

30 

Potassium (mEq/1) 

(a) Parotid saliva 

25.1 

(24-380) 

11.7-38.5 

6,7 

3 

(b) Submandibular saliva 

18.0 

(15-46) 

6.8-29.2 

5.6 

9 

(c) Sublingual saliva 

- 

(10-38) 

(18-40) 

- 

9 

Total saliva 

(d) Resting saliva 

20.7 

(14-41) 

_ 

9 

(e) At a minute volume of 2 ml 

19 

11-27 

4 

3t 

Sodium (mEq/I) 





(a) Parotid saliva 

6.9 

0-15.9 

4.5 

9 

(b) Submandibular saliva, . . . 

5.1 

(1.7-17) 

0.3-9.9 

2.4 

9 

(c) Sublingual saliva 

_ 

(0.9-10) 

(11-120) 

- 

9 

Total saliva 

(d) Resting saliva 

14.4 

(5.2-24.4) 


9 

(e) At a minute volume of 2 ml 

24 

12-36 

6 

31 

Sodium-potassium ratio 





(a) Resting saliva 

0.7 


- 

- 

(b) Ataminutevolumcof 2m! 

1.35 

0.6-2. 1 

0.375 

31 

Calcium (mEq/1) 





Parotid saliva 

1.5 

- 

“ 

H 

Submandibular saliva 

- 

(3-6) 


H 


3.1 

(2.3-5.5) 


m 


Remarks 


Values from (a) 42, (b) 28, (c) 120, (d) 50, (c) 180 subjects. The inorgaa 
phosphate content falls with increasing rate of secretion^. Most of the organ 
phosphorus is acid-soluble and contains phosphoethanolaminc^^ as well 
adenosine phosphates, sugar phosphates and pho5phogl}’ceric tl 

acid-insoluble fraction contains traces of phospholipids^®. 


Values from 5 subjects. Nfostofthc sulphur is probably present in the forme 
thiocyanate. 


The fluoride content of saliva appears to be independent of that of the drinkin 

water. 

In men most of the iodine present in saliva is in the form of iodide^^. Tb 
iodine content of the saliva is 7-100 times higher than that of the serum; iodic 
concentration occurs in the parotid and submandibular glands but not mt* 
sublingual glands^®. The highest iodide concentration is associated with lot 
rates of sccretioQ^^"^®. The relationship between iodine concentration in tii 
saliva and thyroid function has been studied^^. 

Values from 37 nonsmokers; mean value in smokers 321 mg/I. Like iodid: 
thiocyanate is preferentially secreted by the salivary glands. T^c ihiocyana 
content of parotid saliva falls with increasing rate of secretion . 


Values from (a) 42, (b) 28. (c) 4and (d) 9 subjects: values (e) «e fromchildtti 
and adults. In all salivary fractions the potassium content is higher 

serum. In young children the potassium content is higher than in a u * * 

whom It IS largely independent of age and sex®®. At rates of , 

0.5 ml/min the potassium content is roughly constant, at rates below ^ ^ ' 
The i/fcrafurc contains conflicting data on hourlv n 

tuations®'®^'®®'®^. 


'alucs from (a) 42. (b) 28. (c) 4 and (d) 9 subjects; values (c) 

ad adults. In all salivary fractions the sodium chd 

:rura and rises with increasing rate of secretion - • * freely in- 

ren, the sodium content is higher than in .adults • „ .tin on houth 

ependent of age and sc-v^^. The literature contains f 

uctuations’- J'- In children u-ith cystic pancreatic fibrosis the 

_r^> 




hiculated from the sodium and potassium contents of th 

pplies to children and adults. Since the I™”*' “ , content n 

1? independent of the rate of secretion 'i,„ ^iih 

ottional to the latter the sodium-potassium ra.io 

asing rate of secretion. The sodium and n"'?””™, ' „i„i sy'trT; 

:d to the functioning of the 

igtreatmcntsi-ithdeo.vycorticostcronethc ratiofal!sa5at - 

ition’®. and it is also reduced in primary aldosteronism . 

calcium content, especially that of the of the suh 

asing rate of secretion =-«. -An increased calcium content oi 

libuhr saliva has been observed in cystic pancreatic fi re 









Saliva 


64 


■ 

Mean ( 

96% tang* 
extreme range 

t " 

‘.S' 

R,™,v. 

lagneilum (mEq/)) 

‘irotid uliTa 

0.6 





lubmandibulat uliva 

06 

- 

- 

• 


Total ialiTi 

0.6 

(016-t 06) 

- 

* 


Tobalt (ng/l) 

- 

(0-125) 

- 


Valuet from the •timulited talin of 7 aubjecit, cobalt could be detected 1 
only 10 out of 37 aaliva fpecimeni. 

Copper Itfgjl) 

311 

(50-160) 

151 


Valoca ftom 30 tubiecit 

NltroQtnoua conttituantt 






Total nitrogen (g(l) 

(a) Parotid uliva 

OS86 

0 140-1 032 

0223 


_ 

(b) Submandibular uUea 

0 268 

0.102-0 434 

0 083 

* 

• . 1 ^ . . 

(e) Total taliet 

0 60 

(0 20-1 07) 

- 

* 

a 

Urea (mg/1) 

Parotid talira . 

2S2 




1 Tbeutea cement ot aalicanuaually 75-90% el the content In the blood 

Total ailiTa 

200 

(140-750) 

i - 



Crtailnln* (mg/0 


(S-20) 

- 

' 

Valuei depend on the method uied’' 

Ammonia (mg/l) 

i ^ 

(10-120) 

- 

* 

Valoei from atimulaied aahea The vide fluctualion m the anunonia cenlen 
lapattlr explained by the Iniability of urea 

Amino arid! 

* 





CStollne (mg/l) 

; - 

1 

1 (S-M) 

- 

!" 

Meaaured on eiitmilaied aah« in 2 iuh,ecti Phoiphoethanolamine hu aU 
been found in pa'^*^ lubmandibulit >alira4' 

Uric and (mg/l) 

1 IS 

1 (S-29) 

- 

• 

1 The uiicacid eonieni ii bighec in iiimulated talm 

Hlatamine (mg/l) 

015 

j (011-018) 

- 

.. 

] He»xuiedio*Saamplea(tomJ4hea\ihytub|eett There are no eoniidfrii,i 
j flucruaiionsducingthc couru ofiheday 

Proteina (g/l) 

(a) Pafot/d tafiea 

(b) Total aaliea 

262 

0-5 3« 
(1 4-6 4) 

1J8 

1 


(a) Valueefrafii 2S eubieete by the biuret reection, (blrenae of «!.»■ in .t 
literature The eaheary prole me coniiti mainly of mueini. plejma p^^, , 
eiuymee. ibey arnein part from bacteria, epithelial cella and leueowtci tS' 
proron content of paiolid aalira la contiani at ratei of aeeretion exceed 

01 ml/minbutteducedallover rtteiofiecrelion** Vatioui plasma orote'”* 

' toaebetndeteetcdinaabtabytYitiinimaivoelerittirhoteiictechniqueii-fr'’'^ 
include albumin, haptoglobin, titnaferiin. otoaoinucoid. yA globulin and^ 

Mudna (gH) 

27 

* (0 8-6 0) 

1 - 

• 

■ ''ll 

Parotid ehira (mg'l) 


, 



1 : . . ' ■ ■ 

lUxoaan'vne, bound 

<W 

(20-223) 

50 

to 

1 Mea»atc4on24»ubie«a.age'i6-l*jtata 

Fucoae. bound 

' 89 

(33-244) 

54 

to 


Hexoae, bound 

j 195 

(73-Ml) 

100 

to 

I 

Su'k acid, bound 

' 12.4 

(3 5-21 1) 

81 

00 

i 

Cntymea 





Enxymea abouid be looled fot only in clean catheter leed salita iirKe Che ton 

Lyaoijrme (g’n 

- 

uptoOlS 
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Saliva 



Mean 

95*/. range 
(extreme range 
in braclecta) 

■ 


Remarks 

Amylase (ptyalin) (mg/ml) 






P.irotid saliva 

1.03 

- 

0.44 

es 

Values from 16 subjects. The amylase of saliva is an a*amylase; in patoti' 

Submandibular saliva 

Sublingual saliva 

0.25 

- 

0.24 

6 S 

it is the main protein component^. The amylase content depends on the 
of the stimulant^. It is low in the newborn and reaches rhe adult vs 

0.26 

- 

0.32 

6 B 

wards the end of the first year of lifc^. 

Total saliva 

0.38 

- 

0.32 

€S 

Nltrogen-froo substances 

Reducing substances 
(glucose) (mg/1) 






(a) Parotid saliva 

11.4 

” 


.r 

(a) Measured by the Hagedorn-Jensen method; (b) values from 39 su 

(b) Total saliva 

(c) Total saliva 

26 

2-50 

12 

€7 

by the glucose oxidase method, (c) usual values in the literature has 
reduction methods; values depend on the method used55. Sex difTcrcncei 


(100-300) 



not been observed; the glucose content of saliva is slightly increased i 
agc57. In addition to glucose, saliva contains maltose, arabinose and ribc 

Citric acid (mg/1) 

- 

(up to 20) 

- 

4 

Values from a variety of stimulated samples. When samples are allov 
stand for long the citric acid is broken down by bacteria. 

Lactic acid (mg/1) 

- 

(10-50) 

- 

6 

Values from stimulated saliva. The lactic acid content rises steeply after r 
Most of the lactic acid is a breakdown product of carbohydrates and ^ 
due to bacterial action. 

Cholesterol (mg/i) 

- 

(25-500) 

- 

4 

Cholesterol has been found in parotid and submandibular saliva^. 

Vitamins 






Folic acid (ug/1) 

41 

(2-165) 

- 

59 

Determined with Laetohacillus easei in 24 subjects. 

Ascorbic acid (mg/1) 

2.18 

0.58-3.78 

0.80 

70 

Values from 31 healthy subjects. No conncaion has been demonstrated 
tween caries and the ascorbic acid content of the saliva. 
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Gastric Juice 

(For ttrcrcsett tee pigti 6S0-6S1) 
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mg to the difHeulty of collecting pute gisttic |uice the exact 
3sition of thit body fluid i> not known for certain. The use 
^sttic tube or even a gastric fistula yields not pure gastric 
but limply the gastric contents, almost always containing 
, food remnants and occasionally also bile, pancreatic |uicc 
□testinal contents Unless otherwise stated, the following 
s apply to unstimulated gastric juice obtained from fasting 
cts by means of permanent intubation 


. me gisiiii. June can i>e luugiiiy uiviuea uuu two luiiipo- 
>, that of the parietal cells (parietal teetetion) and that of the 


other cells (nonparietal secretion)’ Both these components a^e 
roughly isotonic with the serum. The volumes of the two compo. 
ftenta are related as follows ‘ 

V, = |/««i P) 219 + 4 88 A) 

(Vuut total secretion [ml]; Vr = parietal secretion [ml], Vt,f 
= nonparietal secretion [ml] , A ^ acidity [mEq/mlj ) 

The composition of the gastric juice thus depends on the ptt). 
ponions of the individual cellular secretions, the amounts and 
compositions of which ate in turn dependent on the nature of the 
ttumilus. 'niere is a considetable literature on the composition tjf 
the gastric juice'**, on the diagnostic aspects of gastric juite 
analysu see the literature'’ *. 




95V. range 
(extreme range 
inbrtckcli) 

• 

Refer- 

Xematkt 

aicoehemlcal data 






ing volume (ml) 






'Newborn , . 

2 65 

(0 4-123) 

205 

a 


nfanis . . 

2.4 

(1.0-3 5) 

07 

»• 

' 

Ihildien 

88 

(0H80]) 

82 

>e 


^dults , 

SO 

(0-180) 

- 

* 


Miarane* 

rctlon rate (ml/h) 

Infants 

186 

(6-54) 

18 



Young children 

Tailing (basal) 

31 

(10-64) 




After hiitimine (maximal) 

52 

(28-105) 

_ 



ChskitWH 



KZ 



Adults 

Fasting (basal) 

74 

(0-176) 




At night 

46 

(12-99) 

_ 

• 


After meals 

101 

(13-217) 


• 


After histamine 

117 

(2-256) 


( 


After insulin 

124 

(70-204) 


• 


vclfiegnrily 

1 - 

j(l 004-1010) 

- 

' 


ecxing-polni depression 







I 0 47 

(0 304)82) 

. ■ 

• 


atet (g/l) 

1 - 

j (994-995) 

i - 



ry aubstatice (gjl) 

1 56 

i - 

! - 

• 


H value 






i> Newborn 

2 52 

(1 2-7 4) 

153 

• 


>) Children 

1 327 

(0 9-7 7) 

2 01 

IS 


:>Men 

1 192 

- 

129 

•f 


B TX omen 

! 2,59 

- 

208 
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Gastric Juice 

(For references see pages 650-^51) 



Mean 

Extreme 

range 

/ 


Remarks 

Acidity 






Total acid (mEq/1) 






(b) Children 

38.2 

(4-126) 

21.6 

10 

Values from (a) 154 newborn children, (b) 695 samples from 59 

(c) Adults 


(5-118) 


14 

(mean age 9 years), (c) 15 men and 4 women (aged 20-25), (d) 10 

Free acid (mEq/1) 

(a) Newborn | 

21.4 i 

11.7 

0 j 

(mcanage 21 months). The acidsccretcdbytheparictal cells consists c: 
of hydrochloric acid, which is partly neutralized, buffered and dilut 
secretion of the other cells. The total acid corresponds to a titration ( 
of pH 7-8, the free acid to one of pH 2.5-3.5. The difference bctwecc 

(b) Children 

28.1 

(0-100) 

17.9 

10 i 

and free acid is known as bound acid and corresponds roughly to thi 

(c) Adults 1 


(0-115) j 

1 


part of the hydrochloticacid; whether this distinction is avail’d one, 
is doubtful. The present preferred method is to titrate the acid to d 

Free acid (mEq/h) 

(d) Young children 

Fasting (basal) 

0.48 

(0.00-1.32) 


i 

! 

i 

! 27 

1 point using phenol red or the electrometric technique up to pH 7.4^ 

I earlier 'clinical unit' was mEq acid per litre, corresponding to mi 
O.l-NaOH per 100 ml. 

After histamine (maximal) 

2.59 

(0.80-3.73) 

- 



(c) Men 

Fasting (basal) 

2.4 



6 


At night 

1.7 


- 

S 


After bctaxol (submaxi- 






mal) 

11.6 

- 

- 

8 


After histamine (submaxi- 






mal) 

11.8 

- 


e 


After histamine (maximal) 

22.4 

- 

- 

a 


After insulin 

16.5 

- 

- 

a 



Caj/ne Juice setreiion under maximal hislamine jfimulaim (augmented histamine 
test). The acid secretion is determined both under basal conditions and follow* 
ing a subcutaneous dose of 0,04 mg histamine monophosphate per kilogramme 
body weight^^* The following arc measured (all in mEq acid per unit of 
time); 

- one-hour morning basal acid output (MBAO or BAO) « acid secretion 
during one hour in the morning without stimulation 

- maximum acid output (MAO) or maximal secretory response (MSK) *= acid 
secretion during one hour after maximum stimulation with histamine 

- maximal histamine response (MHR) ** acid secretion during the second and 
third quartet-houfs after maximum stimulation with histamine 

- peak acid output (PAO)= 2 X MHR 

The acid secretion can also be stimulatcd^^ by bctazol given subcutaneously 
(values for submaximal stimulation arc given in the table below), by histamine 
given by the continuous intravenous route, by insulin or 2-dcoxy-D-glucose 
(under vagus stimulation), or by gastrin or another synthetic pemapeptide of 
this type. 


The acidity of both unstimulated and stimulated gastric )uicc varies 
and sex (see the tables below). The basal acid secretion varies with th 
day and is least at about 2 The highest acidity values found in 

around ISO mEq/l^^ At birth the acid content of the gastric juice is ' 
but rises to the value given in the table during the first hours ofUfe^** 
dren there is good correlation between the acid secretion under histam 
uiation and body weight (about 2 mEq/h per 10 kg body weight^' 
maximum acid output is largely constant in any one individual and pt 
measure of the total parietal cell mass-^®; abour 40 million parietal cells 
cssary to produce 1 mEq of hydrochloric acid per hour under maximur 
lation. 

'^^crc has been much discussion of the usefulness of the acid sccreti 
for the diagnosis of gastric and intestinal ulcers*^* If the basal acii 
exceeds 60% of the maximum acid output the patient is almost i 
suffering from the ZoLLtNCEa-ELUSON syndromc^^. Anacidity (pH ' 
dcr maximum stimulation with histamine is larc’^^ and seen only ti 
atrophy of the gastric mucosa, as for instance in pernicious anaemia* 


Aciii sure Hon in adults before and after tnaxintntn histamine stimulation 
(subcutaneous dose of 0.04 mg histamine monophosphate per kilo- 
gramme body weight) 



Number 

subjects 

Volume 

(ml/h) 

Total acid 
(mEq/h) 

Free acid 
(mEq/h) 

mean 

t 

mean 

/ 

mean 

t 


Ftotn Dotevall" 




Basal secretion 









30 

64,0 

21.4 

3.70* 

2.12 

2.59 

1.97 

Women 

12 

54.2 

24.2 

2.24* 

1.76 

1.48 

1.33 

Aficrhistamine 









24 

201.6 

53.4 

23.3** 

6.9 

20.5 

6.8 

Women. .... 

12 

153.7 

33.3 

17.7** 

5.4 

15.7 

5.1 



From Baron®® 




Basal secretion 









20 

38.7 

23.01 

1.3* 

1.59 



Women 

20 

40.6 

38.8 

1,1* 

1.75 

" 


After histamine 

20 

177 

73.3 

17.1** 

11.94 

- 

- 

Women ..... 

20 

107 

57.7 

9.4** 

7.20 



* Basal acid out 

put (BAO) 

. *» Maxima! acid output (MAO). 

— 


Arid secretion in adults before and after heta~ol stimuiationto (st 
ncous dose of 0.5 mg bcMzoI hydrochloride per kilognmin 
weight) 


Age 

Men 

1 Women 


Free acid (mEq/h) 


j Free acid (mf 

ber 

Extreme 

range 

I Mean 

r 

ber 

Extreme 

range 

1 Mean 




Baial secretion 



20-29 . . . 

74 

0-17.1 

2.50 

2.61 

65 

0- 8.6 

[ 1.74 

30-39 . . . 

1S7 

0-14.9 

2.63 

2.70 

145 

0-15.0 

1.5S 

40-49 . . . 

156 

0-12.3 

2.83 

3.01 

184 

0-13.5 

1,43 

50-59 . , . 

158 

0-17.0 

2.25 

3,04 

162 

0- 6.7 

0.9S 

> 60 . . . , 

70 

0- 9.9 

1.48 

2.18 

78 

0- 7.6 

0.95 

All ages . 

615 

0-17.1 

2.44 

2.85 

634 

0-15.0 

1.33 




After he/a^iai 




20-29 . . . 

74 

0-29.6 

11.46 

6.69 

65 

0.3-20.6 

7.79 

30-39 . . . 

157 

0-31.3 

12.83 

6.69 

145 

0-22.1 

7.P3 

40-49 . . . 

156 

0-48.4 

13.29 

8.66 

184 

0-24,7 

8,12 

50-59 . . . 

158 

0-31.5 

10.67 

7.11 

162 

0-22.8 

6.90 

> 60 . . . . 

70 

0-24.8 

7.67 

7.56 

78 

0-20.0 

6.67 

All ages . 

615 

0-48.4 

11.64 

7.62 

634 

0-24.7 

7.53 i 




Gastric Juice 



letn ('* 

i: 

IS*/» range 
treme range * 
h hracfceta) 

■nlc •ubstanco* 



1 

honate 



Hde(mEq/l) 

- 

Cn.6-159) 

frhorut (mg/I) 

70 

((«]-n80)) 

tide (mg/l} 


(06-W) 

ride (mg/l) 

- 

(0.4-0.7) 

iCyaoaie 



«ilum (mE^O • • 

11 « 

(6 4-16 6) 

um (mEq/1) 

49 

(18 7-69.5) 

duin (m&q/O 

1 

(2.0-4 8) 

rneilum 

1-3 

(03-30) 

'P«f 

' 

(01-04) 

1 

• nle fubstancn* 



*l nitrogen 




151 

- 


i - 

(910-2180) 

npfoffln nitrogen (mg/I) 




^ 4\5 



1 - 

(150-320) 

ttWe fthfpgen (mg/l) 

1 ' 

(38-70) 

ilno-«eld nitrogen (mg'j; 

' i " 

(IMS) 

re emino add* (trgj D 

316 

- 

tmonl* (mg'l) 

97 

67-127 

(mR.'I) 

84 

- 

rotinine (mg/l) 

■ ' - 

(12-33) 

Ic add (mg/l) 


(8-69) 


The ** tc<w\in^etU.'i<*«90C«dta«>c»ia<5 cnEa.bii 

pettaee" 

Thecbloruk content of the perietel lecretion ii eboot 170 t 

itonpttiealtecfttioa ebout (25 mRi/I^ Vtftiet below (30 mBq/ 
catuatmtuiuMtof (be c*»wic l“ice bf «»Iin »nd inteiiiiul contentj-* 


VituetfcomiOaKn. Poteijium li lecreted inebout the uav eoncen 
(hepetieoleeUdtbyiht other eelli ChengctmthepeeMiiumconi 
hi>tiflunee(iinula(>on*'e eiriib^e’* High eiluet indicate eonurnm 


Vafuc* ftom 43 (ubjeeta 
Vatwefiom 7«ib|e<r< 


Value* from (a) 2} pa»eiiti with healthy iiomacht. (b> 6 young me 


Value* frotn (a) 21 fdiieni 
protein lutfogeq repteter 
auhiecit with healthy Itomach 

Value* from 10 (ub)eCli 

Value* from lOaubjeCti 

Vilue*rro(a ISai^jecti, Ig an 


Value* rrotn 24 luhjecti Tliture, 


*’»th healthy itomachj, (b) 10 iub|ectj 
i about 20-81}% of the total nitrogei 
:hi and patient* with gutric coBipUicn 
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Gasiric Juice 



Mean 

95% range 
(extreme range 
in brackets) 

s 

Refer 

ence 

Histamine (tig/1) 

- 

(7-48) 

- 

47 

Proteins (g/I) 

2.8 

2.2-3.4 

0.3 

48 

Albumin (g/24 h) 


(0.02-0.60) 

(0.03-0.38) 


St 

Y-GIobulin (g/24 h) 1 



SI 

Mucins (g/1) 


(0.6-15.0) 



6 

Undissolvcd substances 

1.4 

_ 

' - 

se 

Trichloracetic acid precipitate 

1.0 

- 

- ^ 

56 

Mucoprotcins 

0.5 

- 

- 

S€ 

Mucoproteoscs 

1.2 

- 

- 

56 

Carbohydrates, bound 
(mg/1) 

(a) Hexoscs 

i 

' 321 1 

1 


i 

so 

(b) Hcxosamincs 

327 1 

1 ~ 

_ 

so '[ 

(c) Fucose 

' 138 



1 

(d) Sialic acid 

73 

- 

- 

so 1 

(e) Glucuronic acid 

20 

- 

- 

so j 

Lactic add 

1 



... 

... 

1 

Lipids 1 

• • • * 

... i 

... 

. . . 


I 


Enzymes 1 ... ... j 

i ! : ■ : 

f ' { 


Pepsin (kU/24 h. 37 °Q 

Men I 28.8 ■ - . 13.5 j 

Women 18.9 i - I 7.5 

I I I 1 


Vitamins 


Remarks 


Determined by the biuret reaction ; values in agreement with those obta 
other methods'^^'^^'^^. 

The proteins of gastric juice arc a very heterogeneous mixture^^* 
mucins rich in carbohydrate, enzymes and plasma proteins (albumin, •) 
bulin. YA-globulin and othen^^. At low pH values they ate readily 
down by crizymes into peptides and amino acids. Increased album 
ucs occur often in cancer of the stomach, in atrophic gastritis and alt 
MiN^TMER.‘s discasc^^*^^. On the rate of flow of plasma into the storrs 
\C^ETTE«FORS®®. 


The mucins arc contained in the covering-ccU secretion (visible inuo 
are also secreted by the other cells of the glands except the parietal cells 
dular mucoprotcins, mucoptoteoses). The mucous substances arc efaer 
very hctcrogeneous®^'®^*®®'®'^ and consist mainly of mucoprotcins j 
sialic acid and mucop>olysaccharidcs rich in fucose (including the blood- 
specific substances). The intrinsic factor (see page 484) and various v 
Bi 2 -binding substances are also mucoprotcins. Determination of the in 
factor secretion is a diagnostic aid in pernicious anaemia^®. 


Values from (a) 16, (b) 10, (c) 15, (d) 13 and (c) 12 subjects. The carboby 
arc components of the mucoprotcins and mucopolysaccharides. Their ' 

butiQnbasbccnstudicdbyclectrophofcticscparationofihcproteinfTactic 

An increase in the carbohydrate content of the gastric juice has been ohs 
in cancer of the stonaach and pernicious anaemia®®. 


Lactic acid arises from the carbohydrates by bacterial action, but only i 
acidic and h>'poacidic gastric juice. 

The gastric juice appears to contain small amounts of Hpids^^ but these 
not been further investigated. 


The gastric jujce contains mainly protein-splitting enzymes®^. Other enz 
present arc lipase®^, lysozyme®^, lactate dehydrogenase®^'®^, isocitra^ 
hydrogenase®^, aminotransferases®^, fructosediphosphate aldolase®^, alb 

phosphatase®^, leucine 3minopcptid3sc®^,oxoglutaratc dehydrogenase , 

coscphosphaic isomcrasc®^, 3’8lucuronida5c®^ and ribonucle^^*! 
asc^® is probably of bacterial origin. The lactate dehydrogenase and p 
curonidase contents arc increased in cancer of the stonuch. 


Values from 10 men and 10 women (for definition of the unit L see 
Thc gastric juice in man contains at least 3 protein-splitting cnrj'mes 
namely 2 pepsins and a protease with a maximum aciiviu' at pH 7. 

toTAYtOR®® one pepsin is secreted by the chief cells of the fuadus ghn s 

other by the pylorus glands. According to Tan'G and WbcF®^ ^he protro 
activity at pH 2 is due to the pepsins, that at pH 3.5 to gastr icsin. 'The pc 
content of the gastric juice is greatly reduced after blstamlnc stimulation 
greatly increased after vagus stimulation; it is decreased in cancer o 
stomach and atrophy of the gastric mucosa*^-®®. 


Vitamin Bis (iJtg/1) . 
Ascorbic acid (mg/1) 


I (0.06-3.0) : - j 

I (1.5-15.0) i - i s 
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Pancreatic Juice 

(For t«(e(«n«i K« p>$e 6$)) 


'The paneteatic joice probably ttitei from two different types of 
elli the one type, ptesumsbly the epithelial cells of the dgett. 
ecrete a very watery juice rich in bieatborute, whereas the other 
ype, the epithelial cells of the acmi, produce a viscous secretion 
leh In enaymes Various stimuli, for instance acids, bring about 
he liberation of secretin and pancteosymin feom (be duodenal 

tiueosa Secietin stimulates mainly the secretion of fluid and bicat* 


bonate, while panereorymin, acetylcholine and vsgus siimijlstion 
cause an increase in the liberation of enzymes. Unless oth^wise 
Slated, the data given in the table below apply to unstimulatea pan- 
creatic juice obtained either by means of intubation (here designated 
duodenalcontents) or aneaternal pancreatic fistula For furthFf data 
on the pancreatic juice see the liters tute'-’ 


1 

I y«'. range 
Meso nenrrmsiange 

1 inbisclios) 


Befet-^ 



Phytleoehemical data 

1 





Appearance 




'AiieiV. oolourleti, tJun fluid, cleir or ilighlly opsIeKcnt Decs 
Isrirjr ro saliva, the pancreatic |uice is siso known ii abdominal 

It'iva'” 

Secretion rate (ml/h) 

Young children 

- ^ (4-13) , 

1 

1 - 


_ 



36 1 (>(7-99) 

1 - 
i 





Secminiest*-* 1 | 

('"'/h) ' 176 I 33-3H I 69 » i v.i,. 

(mlihflig body weight) Z6S \ t W-4 32 1 0 82 * j „ 


Speelflc gravity 


Frvealng.polnt depression 

(XI 


Water (g/I) 

THy substance (g/I) 


(t 008-1 011)| 
(0 55-06>> 

(7 5-157) 


Tlie 


pM valx 


( 7 . 5-8 8 ) 



Pancreatic Juice 


95V. range „ , 

Mean (extreme range t 
in bfackc(s) 


Kemarks 


^^*rknlc iubsttnees ! 


(rnEqll). 


( 25 - 1150 ]) - 


The bicarbonate content of pancreatic juice rises in the form of a hypcrboi 
curve from 2S mEq/1 at a secretory rate of 40 ml/h up to 150-150 m^/1 as 
secretory rate of 300 ml/h. The sum of the bicarbonate and chloride concent: 
tions is constant and amounts to about 154 mEq/kg ^’atcr^^. 


TTciebt) 


D’.h“CtdC 


Dintphsic «!“■) 

yptjjww 






Sodinm 


13.5 0 - 27.1 6.8 » 

0.199 0 . 047 - 0.351 0.076 » 

76 62-90 7 » 

([ 4 ]- 129 ) - 

0.8 0 - 1.6 0.4 '7 


( 6 - 9 ) 

( 4 . 1 - 5 . 5 ) 

( 139 - 143 ) 




2 . 2 - 4.6 0.6 


Other 


Values from 47 adults with a healthy pancreas, obtained by analysing tl 
pancreatic juice during the hour following intravenous injection of 2 units « 
secretin per kilogramme body weight. The results of the rest in adults a: 
almost independent of sex and age^®. The bicarbonate concentration is di 
creased in chronic pancreatitis. 

The chloride content of pancreatic juice is determined by the bicarlx>nai 
content (see under ‘Bicarbonate* above). With increasing secretory rate tb 
chloride content falls in the form of a hyperbolic curve. 

From analysis of the duodenal contents. The values accord with those fo 
Hstular juicc^^. 

In (a) duodenal contents, (b) fistulaf juice. 


From analysis of the duodenal contents; in agreement with values from th< 
fistular juice of 3 subjects^^. The sodium content of the pancreatic juice largtl; 
parallels that of the scrum. 

From analysis of the duodenal contents; in agreement with values frotu th< 
fistular juice of 3 subjects^^. 

From analysis of the duodenal contents. 

The following have also been found in the fistular juicc^: sulphur (but nc 
$ulphatc^5j^ silicic acid, zinc (a component of carbox^'pcptldase A) and tracet 
of copper. 


organic 

Total niKnenn(gf‘> 

Proteins (g|') 

(a) 



(b) Mb'>n'>n ••• 

{b)Gioi>n'“' 

Urci(n'8^'^'’" 

Ctea'in''’^ 



, ... 




iiyb'®*"-' 


t Results of analyses of fistular juice made during the period 1902 - 1912 . 
From the fistular juice in 3 subjects. 


Values from (a) duodenal contents of 3 subjects, (h) fistular juice of 3 subjects. 
,5 The greater part of the proteins in pancreatic juice arc enzymes and their pre* 
cursors, the remainder plasma- and mucoprotcins. Electrophoretic separation 
has yielded up to 7 fractions^'. 


; ! From the fistular juice in 3 subjects. 


1 ‘tom the fistular juice m 1 subicet 
^ Cholesterol has not been found m the fi 5 tu!.nr luicc^^. 


Pancreatic juice is rich in cnzyn-ics and ihcu precursors. The princin.-^l 
2 )Tncs arc the zj-mogens of proteases and pcptjd.ascs such as tr>-psir.ogcn. 
chytnotr^psinopen and procarbov^-pcpttdascs, small amounts of .amylase, 
lipase, phospholipase, ribonucleasc, dcocy’ribonucicasc, ciastridiopcptnbsc A 
and pancrcatopcptid.i?c IS arc also present The fi^tuhr juice cor.iatns pro- 
teolytic enzymes^® as well as amyb'C and The presence nf a 

trypsin inhibitor in the pancreatic juice has aI*o been rrported^^. The pm* 
CTcatic juice is often free of cnrvTrvcs, and their ah«encc is rot a specific feature 
of cptic fibrosis^"?-^. The enzymic content is increased after Iniectinn c! 
acctydchoUnc or pancrcorymiln and after vagus stimulation. 





I ? Set remarks under '(Ihymotrypsin’. ‘Ttypsirv’ and ‘Lipi't’ oppmitc. 



Pancreatic Juice 

{F«r $«e p*ge 6W) 


The psincreatic juice pcobibly a(ii«» from two different types of 
till (he one type, ptetunubly the epithelial cells of the duets, 
Krete i eery watery luiee rich in biarbotute, whereas the other 
rpe, the epithelial cells of the tcini, produce i timous secretion 
leh in etuymes Various stimuli, for instance acids, bring about 
he liberation of secretin and pancreoeymm from the duodenal 
nueosa. Secretin itimuUtes numly the seecction of fluid and biar* 


bonate, while panereosymin, leecylcholine end tagua iti 
cause an increase in the liberation of entymea Unlesa c 
ataied, the data given in the table below apply to unitimuli 
cteatic (uice obeamed either by means of mtubetion (htie di 
duodenal coiuems) or an extecnal pancreatic litrula For fui 
on the poneteaiic juice see the literature' **. 



ar^ 

(eeweme range 


Uf«i' 




inbraekcts) 




Phyileochemlcnl data 






Appearance i 





'OTatery, colourlen, thin fluid, clear or slightly opaleiccnt Because 
Isf sty (o ubea. the pancreatic )uice ii sIio known as abdominal sail 

Secretion rate (ml/h) 1 

Young children j 


(4-13) 




Adults 1 

36 

(>0-99) 

■ 

’ 


Sectetmtesi*-* 

(mi;h) 

176 

3S-314 

69 



(t'li'h/kg body weight) 

3 63 

tO+-4 32 

082 

* 

- 

Specific graeiiy 


(1 00S-1.OI1) 

_ 



Fteerlng-polnt denrcaslon 








(p5S-<3 63) 

- 

'* '* 

The pancreaiicjuice IS roughly isotonic with the serum. 

^«er (gjl) 

937 

- 

- 

.. 


Dry substance (g'l) . 

t3 0 

(7.5-t5 7) 

- 

•• 

^ About 50-60V, of the dry i 


- 

(7^8 8) 

- 

.. .. 
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Pancreatic Juice 


! 

Mean 

95% range 
(extreme range 

■ 


Remarks 



in brackets) 

■ 



Inorganic substances 






Bicarbonate (mEq/l) 

- 

(25-[150]) 

- 

17 

The bicarbonate content of pancreatic juice rises in the form of a hyp* 
curve from 25 rjiEq/l at a secretory rate of 40 ml/h up to 130-150 rnB 
secretory rate of 300 ml/h. The sum of the bicarbonate and chloride con' 

Secretin test®"-’ 





tions is constant and amounts to about 154 mEq/kg ^vatcr^^. 

(mEq/h) 

13.5 

0-27.1 

6.8 

9 

Values from 47 adults with a healthy pancreas, obtained by analysi 

(mEq/h/kg body weight) . . . 

0.199 

0.047-0.351 

0.076 

9 

pancreatic juice during the hour following intravenous injection of 2 u 
secretin per kilogramme body weight. The results of the test in adu 

(niEq/!) 

76 

62-90 

7 

9 

almost independent of sex and agc^®. The bicarbonate concentration 
creased in chronic pancreatitis. 

Cliloridc (mEq/l) 


([4J-129) 

“ 

17 

The chloride content of pancreatic juice is determined by the bicarl 
content (sec under ‘Bicarbonate* above). With increasing secretory n 
chloride content falls in the form of a hyperbolic curve. 

Phosphate (mmol/kg water) 

0.8 

0-1.6 

0.4 

17 

From analysis of the duodenal contents. The values accord with the 
fistular juicc^^. 

Potassium (mEq/l) 

(a) 

_ 

(6-9) 1 


17 

In (a) duodenal contents, (b) fistular juice. 

(b) 


(4.1-5.5) 1 

- 

1 € 

I 

Sodium (mEq/l) 

- 

(139-143) 

- 

17 

From analysis of the duodenal contents; in agreement with values fro 
fistular juice of 3 subjects^®. The sodium content of the pancreatic juiccl 






parallels that of the scrum. 

Calcium (mEq/kg water) . . . 

3.4 

2.2-4.6 

1 0.6 

i 

17 

From analysis of the duodenal contents; in agreement with values fro 
fistular juice of 3 subjccts^^. 

Magnesium (mEq/kg water) 

1.0 

- 

- 

17 

From analysis of the duodenal contents. 

Other minerals 

... 

... 

... 

... 

The following have also been found in the fistular juice sulphur (b 
$ulphatc^®),silicicacid, ainc (a component of carboxipeptidasc A) and ' 






of copper. 

Organic substances 




1 


Total nitrogen (g/1) 

- 

I (0.76-0.98) 

- 

1 

Results of analyses of fistular juice made during the period 1902-1912. 

Nonprotein nitrogen (g/1) . 

0.14 

1 

' 1 

- 

IS 

From the fistular juice in 3 subjects. 

Proteins (g/1) 

(») 

i 

i 

1 (4.8-5.3) 

(1 .9-3.4) 


,e 1 

15 1 

Values from (a) duodenal contents of 3 subjects, (b) fistular juice of 3 sub 
The greater part of the proteins in pancreatic juice are cnzjTnes and thcii 

(b) 



cursors, the remainder pbsma- and mucoprotcins. Electrophoretic separ 

(b) Albumin 

0.6 

! 


IS j 

has yielded up to 7 fractions ^ 

(b) Globulin 

0.4 1 

- 

- 

IS 1 


Urea (mg/l) 

107 

! - 

— 1 

1 

JS 1 

1 

From the fistular juice in 3 subjects. 

Creatinine 

1 trace 

1 

f 

) 

16 


Uric acid (tng/1) 

2 

- 

- i 

IS 


Reducing substances 

i 




From the fistular juice in 1 subject. 

(as glucose) (mg/l) j 

1 

(85-180) i 

"■ 1 

16 

Lipids (mg/l) i 

5.2 i 

1 


- 

2 

Cholesterol has not been found m the fistular juicc^*. 

Enzymes 

t 

1 

i 

j 

i 

1 

• • • ' 

1 

1 

... 1 

Pancreatic juice is rich in enzymes and their precursors. The pnncip’- 
2 )'mcs ore the zymogens of proteases and peptidases such tr)*psinc 
chymotrypsinogen and procarboxypeptidases; small amounts of amv 
lipase, phospholipase, tibonuclcasc, deoxyribonuclease, c\osttidiopcptu..t 
and pancreatopeptidase E arc aho present^®. The fistular juice contains 
tcolytic enzymes*® as well as amylase and Upasc^^-^^. The presence 

j 





trypsin inhibitor in the pancreatic juice has also been reported'^^. The 
creatic juice is often free of enzymes, and their absence is not a specific teJ 
of cystic fibrosis'-^'^. The cnzjTnc content is increased after injecno 




1 


acetylcholine or pancreozymin and after vagus stimulation. 

By pancreozymin test'- : 

Amylase (mg/min) 

0.62 

0.29-1.30 

t 

- t 

f 

j 

25 

■ Ste Km.-irk 5 under 'Chymotryp.in’, ‘Trypsin’ nnd 'Lipase' opposite. 

Carboxypeptidasc A 

(mg/min) 

0.72 

0.36-1.45 

\ 

25 
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Bile 

(For references sec pngc 656) 



Hepatic bile 

GallbJaddcr bile j 


95% range 
(extreme range 
in bmekets) 

J 

Refer- 

ence 

Mean 

95% range 
(extreme range 
in brackets) 

/ 

Refer- 

ence 

)ry substance (g/1). ...... 

20 

(8-34) 

9 

6 

136 

(70-248) 

60 

6 


- 

(23-33) 


7 

180 

- 

- 

7 


33.9 

28.9-38.9 

2.5 

8 

166 

(144-219) 


9 


7.15 



10 

6.89 



10 


7.5 

(6.2-8.5) 

- 

11 

6.0 

(5.6-8.0) 

- 

11 

norganic substances 









Jicarbonnte (mEqfl) 

30 

- 

- 

10 

19 

- 

- 

10 

Chloride (mEq/1) 

100.6 

(89-118) 

- 

12 

31 

(7-110) 

- 

13 

Total phosphorus (g/1) . . . 

0.148 

0.060-0.236 

0.044 

7 

1.40 

- 

- 

7 

Potassium (mEq/I) 

4,98 

(2.6-12.0) 

- 

12 

13.5 

(8.4-17.5) 

_ 

13 

Sodium (mEq/1) 

148.9 

(131-164) 

- 

12 

220 

(146-360) 

- 

13 

Calcium (mEq/1) 

- 

(3.3-4.1) 

- 

14 

15.4 

(3.9-33.2) 

- 

13 

Magnesium 

... 

... 



... 

... 



Iron (mg/I) 

- 

(0.4-3.1) 

- 

1 


(0.6-3.8) 

- 


Copper (mg/1) 

- 

(0.35-2.05) 

- 

16 





Other minerals 









Organic substances 









Total nitrogen (g/1) 

0.72 

(0.24-1.45) 

0.31 

6 

3.49 

(1.88-6.00) 

1.45 

6 


0.77 

(0.68-0.92) 


7 

4.9 

- 

- 

7 






2.8 

(1 .6-3.3) 


17 

Nonprotcin nitrogen (g/1) 

0.46 



10 

- 

(0.68-0.94) 

- 

10 






2.7 



17 

Peptide nitrogen (mg/1) . . . 

140 

- 

_ 

10 

- 

(39-270) 

- 

19 

Amino-acid nitrogen 









(mg/i) 

54 

- 

- 

10 


(60-216) 

- 

19 

Urea (mg/1) 

236 

- 


19 

- 

(200-450) 

- 

19 

Choline (g/1) 

0.57 

0.22-0.92 

0.175 

7 

5.5 

- 

- 

7 



(0.35-0.89) 







Bilirubin (g/1) 

0.65 

(0.12-1.35) 

0.13 

€ 

2.94 

(0.36-6.30) 

1.94 

6 



(0.26-0.41) 


7 





Porphyrins (iig/>) 




. , . 

toi 

- * 

- 

, 

23 


Remarks 


About 85-95% of the dry subsance i 
organic. Water and salts arc absorbed in tb 
gallbladder, so that the increase of con 
centration of the gallbladder bile inrolre 
mainly the organic constituents; coactn 
tration is also aided by the release of muco 
polysaccharides from the gallbbdder cpi 
theiium. 

Gallbladder bile is rather more acid thar 
hepatic bile, possibly as a result of tb 
enzymatic formation of lactic acid in tb< 
gallbladder. 


Like the bicarbonate content of the pan* 
creatic juice, that of the bile increases as tht 
rate of secretion increases*^. 


hfost of the phosphorus is contained in 
phospholipids. 


The magnesium content of the ** 
roughly the same as that of the scrum . 


The bile contains small amounts ofamc 
and manganese. 


tal nitrogen of gallbladder b‘|v 
cs widely because of 


Most of the nonprotcin nittostn ts due a 
biliiubin, choline (component of the pn 
pholipids), urea and amino acids (namj 
glycine and taurine as components oi 
bilc-acid conjugates). 


Choline is contained in the phosphoUpid'- 


Free bilirubin does not occur in ti« hi!'- 
70-80% of the biUtubm of 
and over 905'. of that 

as bilirubin diglucuronide, h 
as bilirubin monoglocuronidc- . * l 

from bilirubin, bile contains 
amounts of other ;uL<4f- 

bilirubin content of gallbladder^ 

creased in cirrhosis of the li'*cr* • 

The porphyrins consist of coproporrhs" 
rin 1 and IIIL 





Total Mrbohydnies ^/t) 

neiotimifie, bound (m^l) 


Reducini; lubiMncct 
(ai glucote) (g/l) 

Ltctle acid (ms/l) 
Upidi 


Total fatty acida {f(/l] 
Pboaphallplda 0 ?/l) 


Q\oUnttt>\ (ji[11 

QiilJten 


BiU acid] (p/1) 


(0.35-0 91) 
(5-UO) 


95% range 
Mean j (cxiteme range 
la bracket]) 


(16-41) 

(t(M 3) 


(0 20-0 22) 
I (0 8-18) 


pi 78-0 81) 
(31-162) 


The bile ptotemt contiti of pUsma pro- 
(cini. tnucopolysacchatldei and enzymei 
The presence of aarioua plasma proieins 
hai been demonstrated immunologically 
rumclf elbtim/n, orosotnucotd, »]- 
haptoglobin, irinsferrin and YG-globulin, 
at well at oiherj ipccilic to bile^e The 
albumin fraciion of hepatic bile is dimin- 
ished in leute Icterogenic hepatitis, sirhile 
the other protein fractions are increased’*. 
The bile contains many enzymes'® a’.Je, 
including esleraset. phospholipase A, li- 
pase, amylase, lactate dehydrogenase, mal- 
ate dehydsogenise, transaminases, alka- 
line phosphatase, acid phosphsose, leucine 
ammopeptidaie, l iditol dehydrogenase, 
glucose 6 phosphate dehydrogenase, cre- 
atine kinase, and ftuctosediphosphate al- 
dolase Theconcentrationoftnanyofihese 
enzymes in gallbladder bile la about 10 
timet their ccmcentration in the ■erum”. 

The earbohydratet in hepatic bile mainly 
coTHist of glyeoproiems* (see tlio under 
’Protemi’,*be»e),thoie ingallbladdetbile 
of mueopotyssechsfides'* These mu- 
eopolytacchendes form i eompiiw wiik tht 
lipids and bilirubin'* ** Also found in 
gsUblsddei bile are galsetose, glucose, 
small imounts of arabinose. fueoie and 
tibese, glucosamine, galactoianiine and 
uronic acids'* The eacbohydnte content 
efgallVUddecbileii macVe^ylevetin^a 
presence of atone'* 

TTx reducing lubiraoeea prohabJy epnaist 
mainly ofgl>a«o»«'* 


fn addition to bile aeidr the msin lipidt of 
bile ate lecithin and cholesterol, also pret- 
ent ate triglycandes, diglyntides and non 
estetifiedfattyaeids*' ** 

About 8355 of the fitry acids consist of 
palmitic, oleic and linoleic acids** Non- 
esterified fatty acids make up only about 
0 of the total lipids** 

Lecithin accounts for about 98'i of the 
phospholipids, the remaindcc consisting 
of wphslins and lysoleciihios*’ In scute 
■cterogenic hepatitisthe phospholipid con- 
tent of the b\\e IS reduced’* 


In gallbladdc 
cholesterol i 
free** In 


about 4% of the total 
icified, the renumdet 
terogenic hepatitis the 
il content of the bife is reduced** 
Fot other *aluei see page 65S The bile 
acids in bile are mostly conjugated with 
glycine and taurine, only a small propor- 


I being 

uj.c acids ate presen' 
include small quani 


(cboli 
seenndary bi 


form*f In hile 
as the anions They 
ties of trihydroay- 
..--.wiiich arisesinthe liver 
to!, the pninafy bile acids 


ihcnodcoKycholi 

ed In the live, aod th 
ids (deoxytholic, hihc 
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Bile 


i 


Bile ncid content of the bile in children and adults 


Age 

Number 

of 

subjects 

Bile acids 
(mEq/l)» 

Ratio 

glycine ; taurine 

Ratio 

cholic acid : chenodcoxj’cholic acid : dcoxycholicadd 

Mean 

Range 

Mean 

Range 




Hepatic bile (A fraction)'*^ 


1-4 days 

13 

10.7 

4.6-26.7 

0.47 

0.21-0.86 

2.5:1;- 

5-7 days 

17 

11.3 

2.0-29.2 

0.95 

0.34-2.30 

2.5:1:- 

7-12 months 

8 

8.8 

2.2-19.7 

2.4 

1.4 -3.1 

1.1:1:- 

4-10 years 

3 

3.4 

2.4- 5.2 

1.7 

1.3 -2.4 

2.0: 1:0.9 

20 years 

19 

8.1 

2.8-20.0 

3.1 

1.9 -5.0 

1.2:1:0.6 





Gallbladder hileS^ 


Over 20 years 

4 

121 

31.5-222 

3.0 

1.0 -6.6 

1.0;1:0.5 

* 1 mEq corresponds to ca. 0,4 g free bi 

e acids. 
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Intestinal Juice 

The composition of the secretions of the various parts of the apart from electrolytes, arc proteins^ (albumin, y-globulins, rnu- 

healthy human gut is unknown since it is impossible to obtain pure coprotcins, enzymes) and lipids^. The rate of flow of plasma into 

samples. The composition of the intestinal contents, however, has the jejunum is about 0.20 ml/10 cm/h, or 0.036 ml/cm-/24 h . 
been determined'. The main constituents of the intestinal juice. 


Electrolyte content of the intestinal secretion in dogs'* 



Duodenum 

Jejunum 

Ileum 

Colon 


Duodenum | 

[ Jejunum 

Tleum 

1 Colon 

Volume (ml/h) ! 

pH 

Carbon dioxide 
(mmol/1) 

6-38 

6.5-7.6 

i 

4- 88 
6.3-7.3 

5- 27 

11-42 

7.6 

70-97 

1-10 

7.9-8.0 

86-93 

Chloride (mEq/1) . . 
Potassium (mEq/1). 
Sodium (mEq/1) . . . 
Calcium (mEq/I) . . 

103-139 

5-9 

138-156 

1 

1 

1 

i 141-155 
4-10 
126-152 
2-3 

68-SS 

5 

146-156 j 
5 1 

60'8S 

1 6-9 

! 136-151 
4-5 


American Societies for Experimental Biolops'.Warhington. 1961, pcer41 

- RtvAet al.,in PiiCTEXs, H. (Ed.), Pret/irie / tht 
of the 11th Colloquium, Brussels 1963. Elsevier. Amsterdam, 1 64,r-'C- 
^ WtrcTEXPOR-r. J.. .-Icta rrn/.rrae.f., suppl. 430 (1965). cst-di- 

■* D.svENeORT, H-W.. Pkjud-.ty ofth; Tr-ut, 2nd cd., 3 car PnoK . i- 

cal rublishcrs, Chicago, 1966, pape 149. 
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Infancs'arooti C«V<ajv/&r(biIicubin)onbreai(rait1i,tumingj'»*(biliTetdin) 

3dour 





Typical odoui la due to Tolitile degradation producti of proiein 

Amount 

Meeomum (g) ... 





Valuea from (a) 44 children, (b) 24 male adulti The amount eaereied daily 





dependt on the amount and nature of the diet infanii on breast milk eietete 

2 mofl»h»-6 ye*n (g/24 h) 

- 

(6 fr-S4 1) 

- 


lesafaecea (ea IS-2S |/24 b>) than those on cow’s milk (ei 3040 g/24 h*), 
for adults tMdailyamountafier long fisting falls to 9 5-22 g, on (purely meet 

(b) Adult itooli U/2^W 

IIS 3 

33.1-197.5 

41.1 


diet It IS $4-64 g. on a purely aegeuble dirt et 570 g, in disease daily amounts 
<4 500-1200 g or mere occur* 

Number of itooli per day 
Children 






1 day 

- 

(>-*) 

_ 



t aeeh 





94% within 24 hours’® 

2wreka 


(J-*) 

- 

» 


J-6tretki 


(2-3) 

_ 



7-tJweek$ 


(t-2) 

- 



Water 






(i) Meeomum (g/kg) 

(b) QiiUren'a itoolt, 

774 

712-836 

31 

" 

Vatueafiom (a) 12, (b) 4<, (e) T subjects 

2 monihs-6 year* (g/kg) 

- 

(623-857) 




(e) Adult ttools 





(g/kg) 

1 750 

- 

_ 



(g/24h> 

1 

- 

- 



Dry aubatance 

> 

1 




Mfconmm (g/kg) 

*a) CJiildren'a jcoo/r. 

276 


- 

- 

-■ 

2 momh*-6 yeara (g/2-* h) 

- 

, (20-129) 

_ 



(b) Adult ttoQls (g/24 h) 

34 0 

1 16-664 




(e) Adult atoola (g/24 h) 

1 21 

1 11-31 

5 

*» 


A«h (tv of dry lubjtance) 
Merofiium 


1 




Adulti 

20 

1 

. 



Calorific ealue 


' 




(kal/g dry lubmnce) 

(kcall2-» h) 

515 

130 

(4 21-599) 
<213 

- 


Value 

milii: 

pH ealue 


of twrrnal) 




^fecc>nlum 

1 61 

(5 7-6 4) 

- 

■■ 

Ther 

(w brent tnilk) 

' 49 





Adult ttnoli 

i 715 

5 85-8 45 

I 065 I »r 
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Faeces 

(For references sec page 660) 



Mean 

95% range 
(extreme range 

/ 

Refer* 

Remarks 



in brackets) 




Ions 






(mEq/kg) (anions or 
cations in soiution) 

- 

(180-220) 

- 

20 

Among the cations in solution are the sodium, potassium and ammonium an 
part of the calcium and magnesium, among the anions organic acids, free fatt 
acids, bicarbonate, chloride and part of the phosphate^^”*^^. 

Inorganic substances 






Bicarbonate (mEq/kg) 

<30 

- 

- 

22 


Chloride (mEq/24h) 

- 

(0.5-3.0) 

- 

24 

With an average chloride intake of 50-150 mEq/24 h. 

Phosphorus 

(a) Meconium (mmol/kg) . . . 

5.28 

2.38-8.18 

1.45 

11 

Values from (a) 12 infants, (b) persons with an average phosphorus intake o 

(b) Adult stools (mmol/24 h) 

- 

(10-25) 

- 

24 

25-50 mmol/24 h. Most of the phosphorus is present as calcium phosphate, 
small part as phosphate ion in solution^^*^^. 

Sulphate 

0 

- 

- 

22 


Fluoride (mg/24 h) 

- 

(0.5-2.2) 


25 

With an average fluorine intake of 1.5-4.7 mgflA h. 

Iodine (trg/24 h) 

- 

(10-57) 


26 

Values from 7 persons. 

Potassium 






(a) Meconium (mEq/kg) 

31.4 

11.8-51.0 

9.8 

1 1 

Values from (a) 12 infants, (b) persons with an average potassium intake of 

(b) Adult stools (mEq/24 h) . 

- 

(5-15) 

- 

24 

50-75 mEq/24 h, (c) 7 adults. 

(c) Adult stools (mEq/24 h) . 

11.3 

3.3-19.3 

4 

12 


Sodium 

(a) Meconium (mEq/kg) .... 

136 

90-182 

23 

11 

Values from (a) iZ infants, (b) persons with an average sodium intake of 

(b) Adult stools (mEq/24 h) . 

_ 

(0.5-5.0) 

- 

24 

50-150 mEq/24 h, (c) 7 adults. 

(c) Adult stools (mEq/24 h) . 

6.5 

0.5-12.5 

3 

12 


Calcium 

(a) Meconium (naEq/kg) .... 

23.2 

6.5-39.9 

8.35 

” 

Values from (a) 12 infants, (b) persons with an average calcium intake of 
25-75 mEq/24 h. In adult stools about 10 mEq/24 h is of endogenous origin 
(intestinal secrctions)^^. 

(b) Adult stools (mEq/24 h) . 


(15-65) 

- 


Magnesium 

(a) Meconium (mEq/kg) .... 

39.2 

18.2-60.2 

10.5 

11 

Values from (a) 12 infants, (b) persons with an aixrage magnesium intake of 

(b) Adult stools (mEq/24 h) . 

- 

(10-30) 

■ 

24 

20-f0 mEq/24 h. 

Iron 

(a) Meconium (mg/kg) 

16.8 

(12.0-27.1) 


23 

Values from (a) 6 infants, (b) persons with an average iron intake of 7 mg/24h. 

(b) Adult stools (mg/24 h) . . . 

- 

(5.7-6.7) 


29 


Copper 

Meconium (mg/kg) 

17.0 

(9.5-24.7) 


28 

Values from 6 infants. 

Adult stools (mg/24 h) 

1.96 

0-4.62 

1.33 

30 


Zinc 

Meconium (mg/kg) 

65.0 

(38.8-117) 


28 


Adult stools (mg/24 h) 


(5.1-10.3) 

- 

3 t 


Cobalt (p.g/24 h) 


(0.19-1.21) 


32 


Manganese (mg/24 h) 

3.69 

0-8.29 

2.30 

30 

The amounts of aluminium, lead and tin are of the same order as those in - 
food^^. On strontium excretion see Schmid and Zrrr^'^, on stronttnm 

Other elements 










meconium sec W'iddowson*^ 

Nitrogenous substances 






Nitrogen 






19 

— 


13 

Values from (a) 24, (b) 7 persons. The nitrogenous components are ir 
mucus and epithelial cells of the intestinal wall and from 
bacteria and food. 17% of the nitrogen is in the bictcrial fraction; * ^ ' 

of it is u* 3 tcr- 5 olublc^^. During fasting about 0.25 g nitrogen per , 

creted in the stc>olsM*he nitrogen content is ircreat((i\T\ some typ<^s of 

Meconium (g/kg) 

Infants* stools {g/24 h) 


On breast milk 

0.16 

- 


1 

On cow’s milk 

0.4 

- 



as well as in pancreatic disease and stcatorrhoea. 

Adult stools (g/24 h) 

(a).-, 

1.8 

- 

0.2 

7 

12 




1.1 






Faeces 




95’/. range 

(extreme range 
Inbraeieia) 

' 

lUfer. 

Retnatki 

roieln* 





The pcoteini cootiat mainly of undigeited nutrient protein* and bactn 












•pecific wbtcence* 

Imlnoadd* 





In riiitdren’* itool* free amino leidi represent only a (mail part of the (a 
nitrogen**. 

VmmonU (mg/kg) 

- 

(251-884) 

- 

r 

Anunooia aclte* uache Ictminil inceitme from baeietial action 

Porphyrin* ] 

Coptoporphytm (mg/24 h) 
Protoporphyrin (mg/24 h) , 

0 422 

0 955 

0 012-0 832 

1 0-2 09 

1 

0 205 
050?' 

1 

Deuieco- andtneioporphytinate also pre tent** The porphyrin content It ofi 
tiKrMn4tnidiopi.thicitcato«thoea** tnd tome porphyria*'** 

Bilirubin 

Meconium (mg/kg) . . 

Adult itools (mg/24 h) . . 

S8S 

(252-1020) 1 
(5-20) 


" 


Urobilinogen (mg/24 h) 

Men . 

Vomen 

Purine beici 

Ai nitrogen (mg/24 b) 

101 

40 1 

(57-200) 1 
(80-150) 

(65-73) 



A* determined, 'urobilinogen’ includr* nnoui eoloutleii and coloured bi 
tenal breakdom prodiuis of bilirubin (particularly iifteobitinc’gen and it< 
eobitin) Utobilinegen it rarely found in the ttooli in the 6ri( week of life ai 
1* pteKni only m (mall end fluciuaiing quaniiry duting the 6rit yeie*' C 
bilirubin breakdown lee page 362 

Ur icaeidi* alto present in imall amount in the itoola and meeenium'. 

Entymet 





The enzyme* tiiie feom digeiiive leeretioni, eelii of the Inteitinil wall ai 

Trypeln (mglgj 

' 000$ 

- 

- 


Meconium eomaios do trypiin** In ehronie pancreatitis the ttyptm ar 
chytnntryptui cceiient of the tiooll i* often loiveTed** 

Chymo«ryp»(n (mg/g) 

0 421 

- 

- 

** 


Non>nltfogenoue 

tubttance* 






Carbohydniei (glkg) 
Qiildtcn, up to 1 year 

Adulti 

1 

0 

1 (<S) 

1 ■ 

47 

1 In the faect* ofhetlihy adults these eontiit aolely of mdigetiible polytacchi 

1 ridet from food, such as cellulose and hemiceilulose Mono- and disacehi 

1 tide* are found oceaslonally in infanli' iiools, glucuronic acid in the itool* t 

Organic ecldt 
(mEq/kg) 

Uctlc acid (mg/24 h) 

(») Qntdren 
(b) Aduhi 

1 150 

1 

1 32 4 

1 (100-400) 

' (4 s-yjfj) 
0-76.4 

22 

" 

, Orguieacuhniake up rather mnee than 50% of the anions of faeces and tris 

from bscierialdecompcaiiion of carbohydrates Sec ilso below under 'Volalil 
fatty Kida* wid 'Lactic acid' 

Valuei (tom (a) 11, (b) 28 iub|ecls Often incteaied when absorption of eirbo 

1 hydrate te dtteuibed 

Phenol* (mg/24 h) 

i - 

(20-80) 

- 

1 

1 BmkdovaproduCtJof aromatic amioozcidt 
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Faeces 



Mean 

95% range 
(extreme range 
in brackets) 

r 

Refer- 
cncc 1 

Remarks 

Total fats (g/24 h) 



i 

j 



(a) Children, 2 months-6 years 

(b) Adults 

5.54 

(0.29-1.79) 

0.14-10.94 

2.7 

c 

St 

Values ffom (a) 44 children by the Sperry method, (b) 14 and (c) 24 adults fc 
the method of van de Kamer ct al/^. On a fat-free diet the daily fat cxcrctia 


is about 2 g®'^. In adult stools about 15% of the lipids are in the bacteri 

(c) Adults 

As percentage ofdry substance 

4.0 

0.8-7.2 

i'V 

, 1 

7 

fraction^^. The fat content is increased in various forms of malabsorption, i 
loo rapid passage of food through the intestine, in biliary and pancreati 
disease and in obstruction of the flow of lymph from the intestine, Stcatorrhoc 

(a) Children, 2-6 months . . . 

^ - 

(5.2-43.1) 

i - ‘ 

S 

is better diagnosed by determining the fat content of the 24-hour stools tba 

(a) Children, 6months-6 years 

- 

(6.1-25.8) 

1 

€ 

from the dry substance*^; the microscopic cxamimtion of undigested (oo 
residues is diagnostically usclcss'^'^'^. 

(c) Adults 

13.3 


8.07 

7 

Free fatty acids (g/24 h) 




€ 1 


(a) Childtcn,2months-6 years 

- 

(0.14-1.38) 

- 

1 


(b) Adults j 

3.96 


2.28 

50 


Volatile fatty acids 





Acetic, propionic, butyric, valeric and other volatile fatty acids arise froc 
bacterial decomposition of carbohydrates in the intestine; they are increased u 
sprue. 

(mEq/24 h) 

Neutral sterols * 

1 

(9.8-31.2) 

1 ' 

55 

56 1 

Meconium (g/kg) 

Children's stools (g(24 h) 

7.9 

0.24 ! 

1 



The ratio of sterol esters to free sterols is about 0.15. In adults the stem! 
consist of about 60% coprosterol, 35% cholesterol 4* cholestaaol, •»% 7-de 
hydrocholcsterol + A’^-cholcstcnol, 17% plant stctols^^. 

1st ■week 




55 


7 \feeks-10 months 

0.10 j 



55 


Adult stools (g/24 h) 

- 

(0.39-0.76) 1 

- 1 

57 


Bile acids (g/24 h) 

Vitamins 

1 

! 

(0.27-0.48) 


S7 

Estimated range. The following bile acids have been idcntiHcd in 

1 chcnodcoxychoUc acid, choUc acid, deoxycholic acid and Uthocholic acid. Tht 

I bile acid content varies with the nature of the nutrient fat^^. 

Vitamin Ba (mg/24 h) 






Infants 

^ 1 

(0.15-0.30) 


60 


Adults 

- 

(0.7-0.9) j 


60 


Vitamin Bi, (iJLg/24h) 

—10 


i 

1 


Ascorbic acid (fflg/24 h) . . . 

- 

« 10) i 


1 e2 
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The physical properties and chemical composition of urine ate 
:ry Tatiable and change considerably with the amount and nature 
'the diet, while the amounts of endogenous metaboUtca present 
:pend also on the body weight. The composition of individual 
me samples does not tally precisely with that of the 24-hout 
;ine since the excretion of many constituents is subicet to a day- 
id-night thythm'"'*. Unless otherwise stated, the data given in 
us chapter are fot adults on a mixed diet. There is an extensive 
leratuce on the properties and composition of urme<**. 

.ppearance 

At the moment of voiding, the urine is usually clear and trans- 
arent, though a highly alkaiinizing meal may sometimes cause it 
i be more or less cloudy VChen cleat urine has stood (or a while a 
occulenc turbidity (nubecula) appears, this is due to the ptcscnce 
if mucus from the urinary tract and, in alkaline utine, of vatioua 
rystals (metallic phosphates) Turbidity of the utine may also be 
tueto lipids. 

The cell content of urine is discussed on page C77, urinary tedi- 
nents on pages 677-678. 

Utine normally has a more or less intense yellow colour, but the 



severe sweating 

YtUawisk reJ to hick Tii In the presence of urobilinogens or pof. 


sulphonphthalcin 

him In the presence of mdigo carmme. 




955. taisgv 

in braeken) 

' 

Refer 

Amount (ml/24 h) 

Newborn, infants 
tday 

17 

(0-68) 



3 days . 

34 

(0-84) 



5-10 days . 


100-300 



10 djys-2 months 


250-450 



2-12 months 


400-500 



Oiillfien 

1-5 yean 


500-600 



5*5 years 

- 

600-700 

- 


W yean 

- 

650-1000 

- 


5-14 yean 

- 

600-1400 

- 


(a) Men 

1015 

(510-2000) 

- 


(b)\Xomen 

989 

(500-1875) 


le 

(c) Aged persons 

853 

(270-2400) 

- 


(ml/kg body weight/24 h) 

(*) Newborn, lit day 

85 

1 5-155 

35 

,« 

0>) Newborn, 7th day 

76 

42-110 

17 

»• 

(t) Young men 

20 

13 6-26 4 

32 

" 

Specific gravity 





Newborn, first days 

1012 




Infants 

. 

(1 002-1 006) 



Adults 

- 

(1 010-1 025) 



Relative vlicosiiy 


(1.0-1 t4> 

■ 


Surface tension (dyn/cm-') 


1 (64-69) 






values icom tai au. t 




/ » 7 ml) of It uwta'y®^ 

aameapta 


Values r« 


1 (a) 9 infantt. (b) 15 Infanta (breait-fed) md (c) 11 men 


Theapeeific gravity of individual umplei ofui 
1050^ Foe calculation ofthe arnounti of aniut 
uoder 'Dry aubstance onpi^e652 Tliermairr 
deprivation test itdivcuised under 'Renal Funi 
specific gravity of urine ii greatly riJutid in du 
diabcKt cnellitui, fever and the nephrotie lyndr 
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M6aa 

95®/o range 
(extreme range 

t 

Refer 

Remarks 



in brackets) 



Freezing-point depression 






CQ 






(=>) 

- 

(0.1-2.5) 

- 

19 

Values (a) arc for the limiting dilution and concentration capacities of i 

(b) 

- 

(1. 6-2.5) 

- 

20 

neys, values (b) for adults with maximum urinary concentration. For n 
of determination see Johnson ctal.^^. The osmobrity and osmoblityt 

Osmolarity (mosm/1) 





arc almost equal. Newborn infants, and particularly premature infants, c 
centratc the urine only up to 700-1100 mosra/I depending on the urea c 

(:>) 

- 

(50-1400) 

- 

19 

tration^^. 

(b) 

- 

(855-1335) 

- 

20 


pH value 

Newborn 

6.2 



23 

Normal urine usually has an acid reaction due to the phosphoric and sul 

Infants 

6.0 

(5.1-6.8) 

- 

23. 24 

acids arising from breakdown of proteins. On a vegetable diet it may b 
alkaline as a result of breakdown of organic acids from fruit and vegeta 

Children 

Men 

5.7 

(5.3-7.2) 


24 

bicarbonate. The pH value (and the titratablc acidity) is subject to a da 
night rhythm^ The urine is least acid (sometimes alkaline) on wak 

1 (4,S-7.5) 

“ i 

19.2s 

the morning and most acid towards midnight. It may also become al 

Women 

5.8 



owing to bacterial decomposition of urea. 

Tltratablc acidity (mEq/kg 
body wcight/24 h) 

(a) Newborn 

0.30 



23 

Titration up to pH 7.4; values from (a) 20, (b) 220 and (c) 11 subject! 

(b) Infants 

0.96 

0.39-0.89 

0.125 

23 

titratablc acidity depends on the amounts of acids (uric, lactic and keto 
and primary phosphates present. In the newborn the urine has only a 

(c) Young men 

G 

‘o 

16 

titratablc content^^*^®. In adults the totalacidlty (titratablc acidity + NR 

Men (mEq/24 h) 

38 

\ (20-40) 


2S. 27 

a mixed diet averages 50-60 mEq/24 h^^ (sec also pages 535-536). In s 
nonrenal acidosis up to 1000 mEq hydrogen ions may be excreted daily, wl 

Women (mEq/24 h) 

28 


alkalosis bicarbonate excretion may result in a daily saving of up to 4^50 
hydrogen ions. In stationary renal addosis an average of 19 mEq hydj 








ions is retained daily^®. 

Dry substance (g/24 h) 

_ 

(50-72) 

- 

2 

The amount of solutes in the urine can be calculated roughly from the $p 






gravity by multiplying the second and third decimal places by 2.6 (1. 
small children). Example: specific gravity 1.020; dry weight » 20X 2 
52 g/24 h (adults)^. 
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Inorganic substances (for references sec pages 664-665) 



Mean 

! 

95% range 
(extreme range 
in brackets) 

X 

Refer- 

ence 

Remarks 

Chloride (mEq/kg body 
weight/24 h) 

(a) Newborn, 1st day 

0.43 

1 

1 

1 0.07-0.79 

0.18 

1 

Values from (a) 9 infants, (b) 16 infants (breast-fed) and (c) 11 men. 

80-95% ofthc ingested chloride is excreted in the urine. The chloride exc 

(b) Newborn, 7th day 

2.08 

0.08—4.08 

1.00 


is increased on a high-s.ilt diet, by the action of diuretic agents, m 
injury (salt-losing nephritis) and in Addison's disease; it is drerrasr 

salt diets, in chloride loss due to vomiting, sweating or diarrhoea, 

(c) Young men 

2.80 

1.56-4.04 

0.62 

1 

Men (mEq/24 h) j 

m 

1 (120-240) j 


3.3 

syndrowa and corticostesoid treatment, and in all forms oi .salt retention > 
as oedema. 

Women (mEq/24 h) 1 

132 
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»5y. range 


Refers 

Rematks 







m brackets) 




Pho*phoru« (mg/kg bodj 
veight/24 h) 

(*) Nfwbom, 1st day. 

0.12 

0.06-018 

003 


Values fraen (a) 9 infants, (b) 16 infants (breast fed, about 10 tiirwa bigber on 

(h) Newborn, 7th day 

0.32 

0-0.7 

019 

* 

cow's nulk) and (e) 11 men The ucine accreted In viero contains only btile 
phoaphorua', Abmt 95-1005i of the urinary phosphorus is in the ino'gsnic 

(c> Young men 

1S.5 

10.1-22.9 

32 

' 

Adults (g/24h) 


(0 8-2.0) 



phaic reabsorption, or the phosphate excretion indexe, for ealuea measured 
us children ace Jaxss et al ’e. For further data on phosphorus excretion tee 







Sulphut (g/24h) 

ToulS 

1J2 

(1 24-1 49} 

_ 

1 

. . 

Irtorgirviciulphate'S 

1.17 

(1 07-1 JO) 

- 

•» 

*a* * .* ' 1 * • 

SuIphiMie estet-S 

009 

(0 08-0 10) 

- 

•* 

a . . • • . ■ ■ 

Neutral S 

007 

(0 OS-0 08) 

- 


* • • ' ’ . ' ' ' 

Inorganle aulphate.S (ma/kg 
body weight/24 h) 

W Newborn, 1st day . . 

34 

0-68 

1.7 ' 



(b)Newbom,7(hdiy | 

«0 

18-102 

21 

' 


(e) Young mert . . 

19.2 

10.8-27.6 

42 



so; (mEq/24 h) 

Mett 

XTomen . , 

43 

3d 

J (30-70) 

- 



Braniidc (mg/1) 

6Sd 

(2 97-8 5$) 

- 

*• 

Values from »wb)ena 

Fluoride (mg/l) 

(i) Children, 1-3 years 

014 

(0 03-OJO) 

. 

.« 

Values from (a) 51 infanta, fbl 24 infanta, fel 54 adults wiih a dtinkine-watee 

(b) Qutdren, 4-0 years 

(c) Adults 

0 27 
0S2 

(0 05-0 70) 
(0.30-0 85) 

: 

" 

540 S-0 6mg/l, (d)5sduiii with t fluoride intake of 1 5-4 7 
"^2/ tiwMvds sxeiMion SaOs at fhe 4th month ot pregnancy (to 0 2i tng)\ 
St the 4th month) , * ,5 

(d) Adults (mg/24 h) 

- 

(0 9-29) 

- 



Iodide (ing/24 fc) 

019] 

(0 018-0.483) 

0131 

'* 


Thlocyaneie (ma/l) 

4 

(0-6) 

- 

a. 

In nonunt^era, higher In smokers. 

Cyanide (ug;24h) 

- 

(2-0> 

- 

*' 


Carbon dioxide (mmoi;24 h) 
Potassium (mEq/kg body 

- 

(0 5-30) 

- 


lo phystrsl aoluttoo in urine at pH S 5-« 0. with mine pH carbon dioxide 

wtighi/24 h) 

(si Newbotn, 1st day 

0 36 

0 03-0 64 

014 

. 


(b) Newborn, 7th day 

0 95 

0-225 

065 

• 


(0 Young men 

105 

0 79-1 31 

013 

' 


Men (mE<i'24 h) 

57 

1 (35-80) 




^omen (mEq/24 b) 

47 



- 

Sodium (mEq'kgbody 
»eiabt;24 h) 

(»1 Newborn, lit day 

025 

011-039 

007 



(b) Newborn, 7th day 

1.73 

0-4 J6 

129 

' • 


(r) Young men 

1 2.66 

1 58-374 

054 

• 

a 

Mm {mEq24 h) 
oenen (mEq,'24 h) 

1 177 
123 

1 (120-220) 

- 

** 
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Mean 

95% range 
(extreme range 
in brackets) 

■ 

Refer- 

ence 

Calcium (mEq/kg body 





\veight/24 h) 





(a) Newborn, 1st day 

0.02 

0.01-0.03 

0.005 

34 

(b) Newborn, 7th day 

0.26 

0.18-0.34 

0.04 

35 

(c*) r.hflclrrn 1 vcnr 

0.10 

(0.01-0.40) 


36 

(d) Adults 


(0.05-0.31) 

- 

27 

(c) Adults (mEq/24 h) 

11.5 

6.5-16.5 

2.5 

38 

Magnesium (mEq/kg body 





weight/ 24 h) 





(a) Newborn, 1st day 

0.004 

0.0004-0.0076 

0.0018 

24 

(b) Newborn, 7th day 

0.050 

0-0.118 

0.034 

34 

(c) Men (mEq/24 h) 

10.7 

4.7-16.7 

3.0 

35 

(d) Women (mEq/24 h) 

8.8 

3.4-14.2 

2.7 

35 

(c) Adults (mEq/24 h) 

- 

(4.9-16.5) 

- 

36 

Iron (iig/24 h) 





(?) 

55 

- 

- 

39 

(b) 

100 

(40-150) 

- 

40 

Copper (ixg/24 h) 





(a) Children 

12 

(6-17) 

- 

42 

(b) Adults 

14 

(8-22) 

- 

42 

(c) Adults 

18 

3.6-32.4 

7.2 

43 

(d) 

50.4 

28.2-72.6 

11.1 

44 

Manganese (ptg/24 h) 

0.8 

0.2-1. 4 

0.3 

44 

Molybdenum (M-g/l) 

16.3 

0-42.7 

13.2 

47 

Zinc (ug/24 h) 





(a) 

457 

217-697 

120 

49 

(b) 

430 

138-722 

146 

47 

Other elements 




1 


Remarks 


Values from (a) 12 Infants, (b) 9 infants (breast-fed; about one-half as much oa 
cow*s milk), (c) 104 children, (d) 121 adults and (e) 13 adults. 0-33%, mean 
22%, of the urinary calcium is ionized, the remainder bound to organic 
acids^^. Calcium excretion is subject to a day-and-night rhythm with a maxi- 
mum during the morning and a minimum during the night^*®, probably an 
effect of mcals^®. It is more dependent on the degree of absorption from food 
than on the calcium content of the diet; with an intake of 700 mg calcium por 
day about 30% is excreted in the urine. In adults the calcium excretion is 
dtereastd when the calcium content of the diet is low and also in persons of 
advanced agc®’^. Unlike the serum calcium level, calcium excretion does not 
change significantly during pregnancy®^. It is pathologically rVrwW in h>*pcr* 
parathyroidism, various forms of osteoporosis, bone mctastascs, tubular aci- 
dosis, idiopathic hypcrcalcaemia and vitamin-D poisoning, dttrtaxti when 
calcium scrum level is low (as in hypoparathyroidism and osteomalacia with 
stcatorrhoea) and in renal insufficiency (for instance in the nephrotic syn- 
drome). On calcium excretion see the literatures^*®®. 


Values from (a) 12 infants, (b) 13 infants (breast-fed; about one-half as much 
on cow’s milk), (c) 91 men, (d) 61 women. The magnesium excretion is sub- 
ject to a day-and-night rhythm with a maximum during the morning and a 
minimum during the night®* ®^, probably an effect of meals®®. Of the mag- 
nesium in the diet about one-third is absorbed and excreted in the urine. ^ 
increase in magnesium excretion has been recorded during medication with 
diuretic agents®®. 


Values (b) from 10 subjects determined w'lth bathophcnanthroUnc. The iron 
arises mainly from erythrocytes and from epithelial ceils of the renal tubules 
and vesical mucosa. Iron excretion is increased in diseases involving intra- 
vascular haemolysis^^. 


Values from (a) 12 children, (b) 20 adults, (c) 12 adults and (d) 16 subjects, 
values (a) and (b) determined with oxalyl dihydrazide, (c) with dithirone, 
(d) by neutron activation analysis. Copper excretion is at a maximum in tp® 
afternoon. It is pathologically increased in Wilson’s disease, portal vein cu* 
rhosisand proteinuria (for instance in the nephrotic syndrome), with 60-S0.» 
of the copper present as caeruloplasmin. 

Values from 16 subjects determined by neutron activation anal>*sis. Sec also 
Kehoe ct al.**® and Schroedep/®. 

Values from 16 subjects determined by emission spcctrography. See also 
ScHROEDER^® and Mcltzer ct al.^®. 


Values from (a) 14, (b) 16 subjects. Zinc excretion is increased inliver cirrhos's 

due to alcohol^®, in diabetes^® and in cancer^^. 


Urine also contains silicate®, nitrite and nitrate®, and borate®®. The 
content is normally less than 0.1 mg/1®*, thelead content 30-80 ‘ 

mercury content should not exceed 30 ^g/l®®. The following elements 
also been determined in urine: aluminium^®, cadmium*'®*^®'®®, chromj' 
urn**®-®®, cobalt-*®, nickel'*®-'*®-®®-®'*, silver^®, strontium®-*-®®-®®, 
um^®, vanadium^®, bismuth^® and tin^®-^®-^®. 
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(itrog«nout tubttancaa (roitcMtnctiifcpigei 671-672) 




95« nnge 
(rmernsrifige 
iabratkrii) 


Ufer. 

Aematki 

Total nltroecQ fg/l) 






(») Newborn, »tbi«h . • 

0 74 

0 02-1.46 

0J6 

* 

V-1 

(h) Newborn, 2nd day . . 

640 

3.46-936 

148 

1 


(ej AduJfi . 

919 

- 

- 

* 

, 

(mg/kg body weight/24 b) 





\ 

(b) Newborn, lit diy 

38 9 

2.1-757 

184 

• 

snic 

(b) Newborn. 2nd day 

7S4 

23 6-127 

259 

• 


(d) Newborn, 7th day 

108 

65 8-150 

211 

• 


(e) Yoiing men 

207 

1S9-2SS 

24 2 

» 


(g/24b) 






(0 QnMten, 3-U yean 

- 

(5 3-209) 

- 

» 


(g) Aduln . 

11.5 

69-161 

1 2.3 

* 


Um^mg/kg body weight/ 






(i) Newborn, (V-2day« 

39 


i - 

* 


(b) New bom, 6-6 day* 

73 

, 

1 - 

* 


(c) Adufca 

‘ 358 



* ■ 


(d) Adalu (g/24 b) 

20 6 

1 

1 12 6-2S6 

1 



Creatine (mg/kg body 

1 


1 

1 

wtight/24 h) 

1 


1 1 

(») Pftmature uifanii, 


1 



2-12 treeki 

1 23 

(03^3) 



(b) Newborn, 2-12 week* 

1 23 0 

' (15 2-35 8) 

- ' » 


(e) IftfiMt, 6-12 months 

1 106 

(3 6-15 3) 



(J) Quldren, 6-11 years 

I 

1 (2J-7 4) 

• 


(nig/JSh) 





(t) 

- 

(0-50) 

1 - ’ 


(0 

- 

(18 6-58 S) 

1 - 


(g)Men 

52.1 

(11-189) 

- 

•» 


(g) tt omen 

1 92.1 

, (I9-Z70) 

_ 

•r 


(b) Persons oret 90 yean 

90 

(25-230) 


’* 


Creatinine (mg/kg body 

1 


, 


wtight;24 h) 








' 


2-12 weeks 

14 3 

(8.3-199) 

- 1 • 


(b) Newborn, 2-12 weeks 

11 9 

(110-146) 



<0 Infiots. 6-12 months 

1 

, (5 2-204) 

- 7 


(d) Quldtea, 6-U years 

1 16J 

j (6 6-21 9) 


i ' 


(*,'24 h) 






(e) Men. 2a_45 yean 

, 180 

1 1-2J 

oj: 

5 '* 


(0 «'omen, 20-45 yean 

1 ‘ 

1 Ol-I J3 

ODI 

} »» 


(*) Persons oeet 90 yean 

i 0 47 

(0 06-10) 

- 

'* 



666 


Urine - Nitrogenous Substances 

(For references sec pages 67 1-672) 



Mean 

95% range 
(extreme range 

1 

Rcfcj 

Remarks 



in brackets) 

III 

im 

Gunnldinc (mg/24 h) 


(<2) 

- 

ie 


Guanidinoacctic acid 
(a) Newborn, 2-12 weeks 






(mg/kg body wcight/24 h) 

2.6 

(1.7-3.6) 

- 

17 

Values (a) by chromatographic separation in 11 infants, (b) colorimetiical]] 

(b) Adults (mg/24 h) 

27 

(11-56) 

- 

ie 

in 5 adults. 

Methylguanidine (mg/24 h) 

- 

«1) 

- 

t€ 


Ammonia (mg/24 h) 

Men 

680 

\ (340-1200) 




Women 

510 


Values from (a) 9 infants, (b) 16 infants (breast-fed) and (c) 11 men. Abnor- 
mally low values are found in alkaline urine as a result of loss of aminoma, 

/ 


(mEq/24b) 

40 




abnormally high values in old urine samples as a result of bacterial formation 
of ammonia. 7*he ammonia excretion is proportional to the anionic content of 

Men 

\ (20-70) 


19 

the diet (for instance phosphates and sulphur in meat) ; it is therefore higher in 

Women 

30 

1 

" 

acid than in alkaline urine. It is pathologically increased m metabolic and res- 
piratory acidosis, decreasedln metabolic and respiratory alkalosis and in in}ury 

1 


(mEq/kg body weight/24 h) 

(a) Newborn, 1st day 

0.26 

0.02-0.50 


1 

to the distal renal tubules. 

(b) Newborn, 7th day 

0.56 

0.26-0.86 


1 


(c) Young men 

0.80 

0.52-1.08 

0.14 

1 


Amino acids, total 
(mg/24 h) 

2255 

(1337-3150) 1 


20 

Calculated from the amounts of the individual amino acids in hydrob’sed urine. 

(mg a-amino-N/24 b) 

261 

- 

- 

20 


Amino acids, free (mg/24 h) 

W 

800 

(350-1180) 

- 

1 

21 ' 

Values (a) calculated from the amounts of the individual free amino adds 
the table on page 667); values (b), (d), (e) determined colorimetrically vith 

(mg a-amino-N/24 h) 





ninhydrin; values (c) determined as the copper complex; values (d) from 8, 

(b) Children, 2-4 years 

33 

(16-54) 

- 

22 

(c) from 18 subjects. For details see page 667. 

(a) Adults 

(mg a-amino-N/kg body 
weight/24 h) 

(c) Premature infants, 

90 

(41-133) 

i 

21 


2-12 weeks 

20.7 

(10.0-26.8) 

- 

6 

i 

(c) Newborn, 2-12 weeks . . . 

12.9 

(6.8-20.7) 

- 

7 


(c) Infants, 6-12 months .... 

6.3 

(3.4-8.5) 

- 

7 


(c) Children 

1.8 

(0.9-2.9) 

- 

23 


(a) Adults 

(mg o-amino-N/mg ereati- 

1.4 

(0.6-2. 1) 

"" 

21 


nine-N) 

(d) Children 

0.46 

0.14-0.78 

0.16 

24 


(e) Adults 

Amino acids, bound 
(excluding peptides) 

0.17 

0.08-0.26 

0.045 

24 


o-Aminobippuric acid 

1.14 

(0.4-1 .7) 




(mg/24 h) 

- 


Values from 20 subjects. Sec also under ‘©-Aminobciuoic acid’, page 669. 

Hippuric acid (g/24 h) 

w-Hydroxyhippuric acid 

6 

(1.0-2.5) 

(2-150) 


29 

30 

Represents about 70% of the bound glycine. The benzoic add from which the 
hippuric acid arises mostly originates from aromatic components of vegetable 
foods. Hippuric acid excretion is increased after ingestion of large amounts c 

(mg/24 h) 


fruit and vegetables, pathologically in renal insuflicicncy. 

Phenylacetylglutamine 

(g/24h) 

- 

(0.25-0.50) 

- 

29 

R^rcsents about 50% of the bound glutamic acid. The pbcnyhcciic 
formed by bacterial decomposition of protein is excreted as phcnylacctjdg'u' 






tamine. 

Peptides (mg/24 h) 







- 

(5-7) 

- 

31 

Fot » summJry of data sec SKARirjiSKi and SARNECKA-Ktn-un^^. 

Camosine 

- 

(2-3) 

- 

31 


Homocarnosine 

1.1 

(0.5-2.4) 




Peptides containing hydtoxy- 
proline (as hydtoxyptolinc) 

25.1 

(14.0-38.7) 

- 

34 

Values from 12 adults. The excretion is increased in growing children^'*’. Only 
traces of free hydroxyproline arc present in urine. The hydroxyprolinc exer 


j 




tion U a measure of the collagen metabolism. 








mg/Z^h 1 

(amol/kg body e'«ight/24 b ••• 


Ouldren* 1 
(^24 monthi) 

M« 


Vomen** j 

P.tm.,u,e 

Full-term babiet 
and Infante 
















^^»tn j 


MeM 

“ST 


range 

bottle-fed 

Bottle-fed 

Breait fed 


AUmite . . 

10 

S-IS 

22 

5-32 

24 

9-44 

18 6-125 

14 2-30.2 

9 6-15.3 

3 2-18.2 

3.6'9.8 

^Aknm< 

ca.03 

. 

6 

3-10 

3 

2-9 

- 

- 

- 

- 

- 

fl'Aminoadipie tcid 

ea.0.S 

- 

8 

$-13 

4 

0-13 

- 

- 

- 

- 

- 

••Ammobutyticicid . 

ca 03 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Y^mtnobutytifi icld 

a.0.3 

- 

- 

trace 

- 

trace 

- 

- 

- 

- 

- 

^Aminoiwbutytie acid 

S 

0-0 

22 

6-37 

29 

10-52 

- 

<2.7 

3 2-12 2 

14-94 

- 

AfRinme 

a 0 S 

. 

6 

0-14 

4 

0-11 

<31 

<13-7.1 

<10 

- 

<0.7-Z0 

Aipatigtne 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3.9-7.8 

Aipattie teid 

- 

<4 

8 

3-29 

4 

2-11 

- 

- 

- 

. 

<1.2 

CiiruUinc 


. 

. 

- 

- 

- 

- 

3 9-6 2 

4.4 

_ 

_ 

Cpiinc 

- 

- 

- 


- 

- 

<3 1-8 1 

1.1-7 7 

<2 9 

06-41 

<0.5-l.2 

Cy»;in«+cyit*ift«* 

. 

<4 

14 

3-33 

6 

0-13 

- 

- 

- 

_ 

_ 

CluMmieuid 


- 

- 


- 

- 

2.3-31 

2.3-13 1 

5.2 

1.5-1 6 

<0.7-2.8 

1 Clutimifle 


_ 

. 


- 

- 


.. 


4 0-33.4 


1 Cluiamine-f i>pangm« 

1 Cluumine+aipingine 

25 

2-60 

73 

42-103 

62 

43-88 


- 

- 

- 

- 









8 9-60 0 

13 8-14.5 



j Clycme 

28 

11-42 

104 

53-189 

142 

67-312 

42 6-484 

46 0-117 

27.6-33 8 

4 3-53 1 

13 8-36.6 

, Hittidinc 

47 

15-83 

138 

20-215 

128 

79-208 

13.7-34 5 

9 3-56 0 




\ Homocittulline** 

10 

1-65 

_ 

trace 

- 


_ 

_ 




* Hydfoxyptoline'*' 

- 

0 8-14 

- 

<0 5 

- 

<0 5 

- 

_ 


_ 


Itoleueine 

- 

<4 

15 

8-24 

10 

5-20 

2 5-16.8 

I 3-2.3 




Ltucine 

j - 

<4 

It 

6-20 

9 

2-16 

3 2-21 

2.5-6 6 




1 Lytine 

1 10 

1.5-20 

7 

0-14 

8 

0-16 

- 





' Lyjine+l-methylhisiiduje 

’ - 

- 

- 


- 


10 6-35 

7.0-27.0 




1 Mnhionine 

- 

<5 

7 

5-11 

5 

3-12 

<26 

0 5-1 3 

<1.0 


<0 6-1.2 

1 l-M«hy!hmidine 

9 

0-43 

73 

22-114 

65 

26-155 



0 8-9.8 
1.5-8 9 

>-Methylhutidine 

_ 

! 

65 

35-87 

48 

30-69 

5.1-5 2 


21-5 2 


OtnitKme 

1 

<4 

1 

0-4 

2 





1 rhfnyUlifttne 

Proline 

1 . 

' ’nitfonine 

1 TrypophinJ 

ea 03 
' 10 

! ‘ 

i 

7-13 

2- 14 

3- 9 

13 

42 

123 

17 

21 

8-15 

27-65 

44-231 

2-35 

10-32 

13 

37 

87 

23 

16 

6-41 

22-61 

27-161 

5-33 

2 4-28 
0-108 

<31 

113-140 

13-4 5 
0-37.6 

<165 

4 0-20 0 

2 0-31 

3 5-7.3 

3 8-5 6 

0.8-4.4 

0 

4 1-22 4 
2 2-45 3 
2 4-10 3 

0.8-2 6 
<1.4 

3 9-7.8 
9.1-38.6 
1.9-5 0 

Tytoime 

1 Valine 

jci 0-. 

<5 

i 

19 

10 

7-27 

4-17 

15 

6 

9-26 

0-30 

12 6-61 
1.9-23 

2 0-14 0 
<3 7 

1.I-2.9 

<1.9 

1.3-7 0 

0 5-2,0 

1.3-4 3 
<1 4 

1 ■■ ■ 






rCyttine IIHS mg/1, cy»teme 2-4 

1 . 1 ' 

mg/I, deter 

iTiined by lo 

n exchange 

, Ji). 

■■ 

..... 

/- 



SDetenr 

119541) 


logically (Ui 

•iCH. J A . 

Ver A/aye C 

• .29. 210 
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Urine - Nitrogenous Substances 

(For references sec pages 671-672) 





■ 






'B 

Rernaiks 




II 

B 


Proteins (mg/24 h) 

Totnl non-dialyssblc material 
(a) Newborn 

87.9 

34.3-142 

26.8 

3$ 

Values from (a) 7» (b) 3, (c) 11, (d) 7 subjects; values (a, b, c) by fectiorur 

(b) Infants 

125 

420-528 

- 

36 

into protein and uromucoid by milliporc filter; values (d) calnilatcd from 
N>contcnt of the non-dialysable material; values (c) by the biuret reaction 

(c) Adults 

474 

27 

36 

values (Q include about 80^ chondroitin sulphate A. The discrepancy in i 

(d) 

433 

203-663 

115 

37 

values for high-molecular substances (betu’cen 30 and 750 mg/24 

In large part to the difficulty of concentrating the urine. These substances 

Proteins 





elude 3CM0% of carbohydrates'^^* i.c., glycoproteins, glycopeptides a 
mucopolysaccharides. In electrophoretic separation of the proteins about 2: 
appear in the albumin fraction, 17% in the ai-globulin fraction, 24% in t 

(a) Newborn 

10.5 

8.82-12.2 

0.84 

36 

13.0 



36 

as-globulin fraction, 16% in the 3*globulin fraction and 12% in the y*glol 

(b) Infants 

“ 



lin fraction^-^. Up to 25 scrum proteins have been identified in urine^^. 

(c) Adults 

61.6 

204 

47.0-76.2 

7.3 

36 

37 

eluding transferrin, YA-globulin and YG-globulin and also Io\r-molecu 
Y-globulin chains; the other proteins present arise from the kidneys^^. 7 

(d) 



urinary protein content is physiologic^y inertated in the newborn^® (pirt 

(c) 

- 

(30-60) 

- 

38 

ularly in premature infants), after standing erect with hj'p^^lordosis a 




following physical effort ; it is pathologically ir.ertastd in fever, severe shock a 
renal diseases (particularly the nephrotic syndrome^^). In multiple myeio: 

Uromucoids 




0.74 


a low-molecular protein (Bence-Jones protein; foridendfication sec Ss.\y? 

(a) Newborn 

4.75 

3.27-6.23 

36 

and Ores*^® and NAiniANS^^) often appears in readily identifiable amour 

(b) Infants 

14.8 

- 

11.4 

36 

(precipitation with sulphosalicylic acid, disappearance of the precipitate 
90-100 ®C). For a detailed discussion of the proteins and mucopolj’sa^.arid 

(c) Adults 

70.5 

47.7-93.3 

36 

of urine see the literature^' * 

Mucopolysaccharides 
(0 

- 

(3-15) 

- 

38 


Amints, bitaines 






Ethanolamine (mg/24 h) 

(a) Children, 3-11 years 

13.1 

(3.6-18.7) 


3 

Determined (a) by column chromatography on 12 children, (b) by paper chr 

(b) Adults 

20.6 

(11.5-35.2) 

- 

re 

matography on 14 adults. Phosphoethanolaminc occurs in the urine when tl 
blood phosphatase level is low^®. 

Methylamine (mg/24 h) . . . . 

5.0 

(4.6-6.0) 

- 

51 


Dimethylamine (mg/24 h) . 

17.0 

(15.2-19.3) 

- 

51 


Cystamine (mg/24 h) 

1.4 

- 

- 

52 


Piperidine (mg/24 h) 

5.7 

(4.7-7.1) 

- 

51 

Probably in the main of bacterial origin (large intestine)^'^. 

Choline (mg/24 h) 

- 

(5.6-9.0) 

- 

54 

Present exclusively in the free form. 

Carnitine (mg/24 h) 

- 

(80-130) 

- 

55 


Acetonitrile (ng/l) 

2.9 

- 

- 

56 

Values from nonsmokers; in smokers 118 pig/1. 

Tyramine (mg/24 h) 

1.3 

(0.8-2.6) 

- 

57 

Probably in the main of bacterial origin intestine)*'^. 

Para-aminobenzoic acid 






(mgy24h) 

0.76 

(0.31-1.32) 


58 


Catecholamines (pg/24 h) 






Adrenaline free 

1 

- 

- 

59 

■ 

Noradrenaline free 

57 


- 

58 


Dopamine free 

197 


- 

59 

Calculated from measurements on 41 samples of nocturnal urine. The cate 

30 




Jcholamincs in urine arc partly free, partly bound to sulphuric or plucurcni' 

Metanephrine free .... 


~* 

59 

add. Sec also page 733. 

total 

88 

- 


59 


Notmetanephrine free 

205 

- 

- 

59 


total .... 

420 



59 


Tryptophan metabolites 




. . . 

In vitamin Be deficiency (sec also pages 475-4/6) there is inerrased 
of xanthurenic acid and other metabolites, pirticubrly atrer c 






administration of trt'ptophan (tryptophan loading 

3-HydroxyanthraniHc acid 

(mg/24 h) 

0.36 

(O.l-l.l) 

- 

61 





Urine - Nilrogenous Substances 

(Fc* refttenct* Ke page* 671~472) 



Meift < 

S5S range 
Mtfeme range 

^ I 

tef«- 

Retnarki 



in braeleta) 




•HydroxyVynurenlnt 

(nig/24h) 

0 49 

(0-2.3) 



In woeneo the exereuon o( thia tubeunee fallt a/tei menttruatK 

.cciylkynurenine (nig/24}i) 

22 

- 

- 

|4 

Values ftoni7 women 

Jynoftnlne {mg/24 h) 
a) InfintJ 

2.32 

(0 19-27 7) 


«* 

Value* rrom (a) 17, 0>) 19, (e) 20 «ub]ecti 

Oiiidnn 

1.8 

(0 511-3.8) 

- 



c) Adultt 

1.14 

1 (0 5-2 6) 

- 



Kynuftnlc acid (mg/24 h) 

;i) Infini* 

181 

(0-4 75) ! 



Values from (a) 17, Oa) 19, (e) 20 (ubiecti 

(b)ChiIdtin. . . 

SO 

(0 0(l-8.8) 

- 

♦♦ 


(c) Adult 

2 83 

(1(M2) 

' 



Xanthurenic acid (mg/24 h) 

(a) Children 

64 

(3 2-130) 


,4 

Value* from (a) 19, (b) 20 tubiectt. Found in only one e( * gTO 

(b) Adult* . , . 

0.66 

(0 3-18) 

- 

*' 


•-Amlnobcnzolc add 






(in'hftwlic tcid) (mg/24 h) 

0 89 

(0 32-224) 

' 


Mainly pftK(WM».4mjnohippune Kid (see page 666) 

Nicotinic add 



I- 


See under 'Vitanunt', page 4T7 


Trypittnlne (Hg/24 h) 



(a) Children 

- 

(66-370) 

CbUltn 

64 

(20-120) 

(c) Vomen 

56 

(40-72) 

W.N-Dimethyltfyptamlne 


25 8-602 

(-6/24 b) 

430 

Serotonin (S-hydrotty- 
irypramine) ((ig/24 h) 

Free 



(a) Children 

83 

(43-123) 

(b) Men 

72 

(45-ll()) 

(el U'omen 

55 

(10-85) 

(d) 

131 

(31-296) 

Ai gtucuronide 

93 

(21-355) 

At lutphace 

59 

(0-127) 

S-Hydroxylndolcacetlcadd 

(mg/24 h) 



(>1 Oiildten 

86 

(1 4-13 2) 

(b) Adultt 


(1 0-14 7) 

(c) Adultt 

45 

2 3-67 

S-Methoxytryptamine 

0 

- 

Bufotenine (wg/24 h) 

63 

49-77 

Indoxyliulphurle add 
<-’g/24h) 



' a) thildf en 

1 420 

(145-620) 

(b) Adult* 

200 

(140-250) 

(c) Men 

64 

28-100 

(dl 'ft omen 

57 

13-101 

6-SolphatoxytVatole 



(mp/24 M 

1 24 

(3-130) 




VJ«. fM»v W «. w », 6 . (d) 21 _ 

wp.nKul« u,cr*.^Vur;;™ 


so (18/21 h hat been founil in the \ 
Valuet from SO iub)CCt> 
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Urine - Nitrogenous Substances 



Mean 

95®/o range 
(extreme range 
in brackets) 

■ 

■ 

Indolc-3-acctlc add 
(mg/24 h) 

(a) Total 


(5.2-13.8) 


77 

(b) Free 

- 

(3.1-8,1) 

- 

77 

Indole-3-lactjc add 





(mg/24 h) 

- 

(0.3-3) 

- 

76 

Indolcacctylglutaminc 





(mg/24 h) 

- 

(1-8) 


76 

Indolcformylglucuronide 





(mg/24 h) 


(0-60) 


79 

ImiJazoles, 
liislidine ntetabolitcs 

iV-Acetylhistaminc 

(irg/24h) 

(a) Children 


(17-1840) 


6S 

(b) Adults 

22.0 

(2.3-56) 

- 

80 

Histamine ((ig/24 h) 

11.9 

(6.1-19) 

_ 

60 



(5-30) 

- 

81 

Imidazolelactic acid 





(mg/g creatinine) 

19.8 

9.6-30.0 

5.1 

63 

Urocanic acid (mg/24 h) . . , 

0.62 

(0-1.7) 

- 

64 

Formiminoglutamic acid 
(formamidinoglutaric acid) 
(mg/24 h) 

1.25 

(0-2.1) 


64 

Porphyrins and related eompounds 





Aminoacetone (mg/1) 

2.2 

(1.5-3.1) 

- 

85 

S-Aminolaevulinic add 





(a) Children (mg/1) 

2.57 

0.27-4.87 

1.15 

66 

(b) Adults (mg/1) 

2.9 

0.1-S.7 

1.4 

87 

(c) Adults (mg/24 h) 

2.63 

0-5.33 

1.35 

88 



(1.43-6.97) 



Porphobilinogen 





(a) Children (mg/1) 

1.05 

0.13-1.97 

0.46 

66 

(b) Adults (mg/1) 

1.0 

0-2.0 

0.5 

67 

(c) Adults (mg/24 h) 

1.40 

0.38-2.42 

0.51 

88 

Coproporphyrin 





(a) (pg/1) 

70 

0-150 

40 

87 

(b)(txg/24h) 

130 

(80-220) 


91 

(c) ((xg/24 h) 

36 

6-66 

15 

93 

Uroporphyrin 





(a) (tig/l) 

- 

(0-15) 

- 

86 

(b) (pg/24 h) 

39 

(28-63) 

— 

91 

(c) (irg/24 h) 

12 

4-20 

4 

92 

Bilirubin (mg/1) 





Children 

0.9 

- 




- 

(0.02-1.9) 


96 

Urobilinogen (mg/24 h) . . . 

0.36 

0.05-2.5 


97 


Remarks 


Values from (a, b) 11 subjects; (a) after hydrolysis of the urine. 


Values from (a) 20, (b) 17 subjects. Probably in the main of bacterial o 
(large intestinc)^*^. 

The excretion of histamine and its metabolite 1,4-methylimidarolcacctic 
is considerably increased in mastocytosis^^'^^. 


Values from 12 subjects. 


The excretion of this histidine metabolite Is increajed in folic add defin 
(sec page 479), sometimes also in vitamin Bia deficiency, diseases of the 
and sarcoidosis. 


Values from (a) 50 children under 15 years, (b) 100 adults, (c) 13 adults. Or 
excretion in ^ildren of various ages sec Kaser ct al.^^. It is irmasedin s 
porphyrias^® (see also pages 454—455) and in lead poisoning. Dctcrminatio 
this component in urine enables an increased absorption of lead to be ^ 
nired in time; concentrations of 13-20 mg/1 urine correspond to 150-20C 
of lead per litre of urine and indicate that lead poisoning is imminent. 


Values from (a) 50 children under 15 years, (b) 100 adults, (c) 13 adults, 
the excretion in children of various ages see ICaser cl It is inertau 
some porphyrias®® (sec also pages 454-455) and there is a slight increas 
liver disease; it is not increased in lead poisoning. 


Values from (a) 100, (b) 9, (c) 72 subjects, Spcctrophotomctric methods ! 
loutr s'alucs than fluoromctric methods (b)®®. The excretion of coproj 
phyrin is proportional to the body weight®^ 50-905# of the urinary co{ 
porphyrin consists of coproporphyrin UI, 10-405'# of coproporphyrm - 
The excretion is inertated in some porphyrias®® (see also pages 454-455), h 
disease and lead poisoning. 


Values from (a) 25, (b) 9, (c) 72 subjects. Spcctrophotomctric methods g 
lower values than fluorometric methods (b)®®. The excretion of uroporph^ 
is inenated in some porphyrias®® (sec also pages 454-455). 


Values from 46 subjects; the distribution is lognormal. Urobilinogen cxcrct 
ist/efrfa/frfin obstruction of the bile passages, incrfjrfdm Hver injurs’ and in 
vascular haemolysis®^'®®. 


/ 
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izy m es (for definition of the unit U see page 584) 

Itic healthy kidney excretes low-molecular enzymes and their 
• ' a, such as amylase and uropepsinogen; if high-molecular 
• - arc excreted at all they include lactate dehydrogenase* 
^idrtate aminotransferase^'^, ribonucleasc^, alkaline phospha- 


tasc'^'^'^, acid phosphatase®, arylsulphatascs®, 3-glucuro: 
and aminopeptidase*®. In renal injury the amounts of th 
zymes in the urine arc often increased. VFhen determining c 
in urine the urinary volume and diuretic state must be tak 
account ; thus the activity of some enzymes measured per u 
ume of urine is higher inantidiurcsis than in diuresis**. 



Mean 1 

95% range 
(extreme range 
in brackets) 


Refer- 
ence j 

Remarks 

Amylase (kU/24 h, 37 °C)... 

6.03 

(2.06-11.8) 

- 

1 

S2 j 

Frequently increased in acute pancreatitis. 

Uropepsinogen 1 

(U/24 h, 37 -C) 

(a) Men 

(b) Women j 

j 

40 

2-78 

19 

1 

S3 

Values from (a) 21, (b) 18 subjects; substrate haemoglobin. A small 

23 

0-51 

14 

1 

13 

the pepsinogen secreted in the gastric mucosa enters the blood and is « 
by the kidneys; there is, however, little corrclition between the uropeo 
excretion and the pepsinogen content of the gastric juice. Absence of i 

1 sinogen in the urine indicates atrophy of the pistric rnucosa. 


References 

^ Packer and Dorf«an, 181. 972 (196^; 

Giebert, Amtr.J.mid.Sti.. 2«. 31 (1963); Guttefr nnd Clausen, to- 
tnolhiol,ciin.{Base\) 55 (1965). 
i Rosalki and Wilkinson, Lancet, 2, 327 (1959). 

3 Amador ct al, Ann.inttrn. Med., 62, 30 (^5). 

^ Sepaha ct al, Indian J.mtd. Kts., ^ f 
5 Levy and Rottino, Clin.Chem., 6, 43 (1960). 

® Durgen A. S. V., 1 , 329 (1947). . 

7 l,ADOR, W..4//., 185, 769 (1963); Dutterrurt.. ctal., CUr ,. 


, 212(1965) ; Dietz and Hodges, (7/;^ fhin. .-I.aeI 5, 393 
» Baum ct al., C/;.. Mm. Aita, 4. 453 (1959) ; Dzi m.dsztnski and Gnio 
Zycka, Clin. chn. Ada. 15, 3S1 (1967) 
s Lr.\visandPLAicr.A’al»rc,184, 1249 (1959); ruLKKtvtvci al., Ann.. 
Finn., 8, 50 (1962). 

'« Roth M., Clin. thim. Acta. 9, 445 (1964); BcRO't.tLN and .tcurit; 
n”it4r'..42. 275 (1964). 

' ’ Bosch and Dubach. Chn.thir:. Ad.i. 15, 325 (1967). 

>4 TiERSETCtal., a-lT'i.iT(/r7i..lW.,58,229 (1963). 

'4 VAN Goidsenhoven Ct al.. Cittiratmeroh;}, 34, 421 (1958). 


ury caltoV^74I»w^ ift ^Vit (t« {otn\, 

omponent« of glycoptoteiru, tnucopolysaechaodes and 


g.lycope9dd«»>^(ly »t ftlucatofucicidbo'iCidtapbwvaUiwiatiii^ 
On free sugars in Mcine see SiDSURr'. 
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Mean I 

95®/o range 
(extreme range 
in brackets) 

5 

Refer- 

ence 

Renurks 

Organic acids (mEq/24 h) 

Men 

1 

1 

55 



i 

Urine contains a large number of aliphatic and aromatic acids; in infan 

Women 

64 



1 

former dominate, in adults - depending on the intake of fruit and vegeta 

Volatile acids (mg/24 h) . . . 


(8-50) 


* 

the latter. The aromatic acids arc mainly bound to amino adds (page 666 
details sec the Utcraturc^'-^, 

In the main formic add, a little acetic add and traces of butyric add^. 

Formic acid (mg/I) 

13 

- 

- 

5 


Adipic acid (mg/24 h) 

- 

(1.3-2.5) i 

1 

- 

6 


Malic acid (mg/24 h) 


1 

_ ! 

7 , 


Succinic acid (mg/24 h) 


(2-12) ! 

- 

8 


Pyruvic acid (mg/24 h) 






(a) Children 

5.6 

1. 9-9.3 

1.83 

S 

Values from (a) 21 children aged 5-10 years, (b) 3 men, (c) 3 women an 

(b)Mcn 

1 9.6 

i 

— 

10 

children aged 3 months to 4 years. Ir.massd in non-compensated diabctc 

(c) Women 

11.4 

i 

- 

10 


(mg/kg body wcight/24 h) 

(d) Children 

~ 

(0.16-0.52) 

- 

11 


Citric acid 






(a) Adults (mg/24 b) 

1 462 

90-834 

186 

12 

Values from (a) 12 adults, (b) children aged 3 months to 4 years. Higher 

(b) Children (mg/kg body 
weight/24 h) 

_ 

(4-12) 


ir 

carbohydrate diet than on one rich in proteins, inmwd in treatment 
ocstrogens (whence its fluctuation during the menstrual cyde) and vinmi 
dttrtAxtd in severe muscular activity, addosis, diabetes, hj'poparathyroii 

Furane-2,5-di carboxylic 
acid (rag/24 h) 

- 

(3^) 

- 

13 

and chronic renal insufficiency^. 

Glutaric acid (mg/24 h) 

1 2.5 j 

1 

) 


IS 


a-Ketoglutaric acid 
(mg/24 h) 

(a) Children 

1 j 

9.3 

1 

1 

0.5-18.1 

4.4 

\ 

\ 

® 1 

Values from (a) 21 cluldren aged 5-10 years, (b) 3 men, (c) 3 women and 

(b) Men 

12.0 


- 

- : 

children aged 3 months to 4 years. Dccrtjied in chronic renal insufflctcnq" 

(c) Women 

18.7 

- 

- 

to * 


(d) Children (mg/kg body 
wcight/24h) 

i 

‘ 1 

i 

(0.5-2.0) 1 

i 

i 

” i 


lethylmalonic acid 
(mg/24 h) 

i 

5.8 j 

1 

i 

(0-11.2) i 

1 

1 

i 

14 

Incrcjsfdia vitamin B 12 defidenq’. 

Lactic acid (rog/24 h) 

, 1 

^ ! 

1 

100-600 i 

j 

i 

4 I 

Often absent from the urine. Incnjsfd during severe musailar activjfx', s 

i 

i 

i 

i 

5 

following epileptic attacks and in fever. 

Glycolic add (mg/24 h) 

1 1 

1 

j 

I 

16 1 

1 

Values from 15 children, adjusted to a K:>dy surface area of 1.73 m*. 

Glyoxylic add (mg/24 h) . . . 

' _ i 

; i 

(1-4-4.7) j 

- ; 




t 


Oxalic acid (mg/24 h) 

(a) Children 

(b) 

(c) 

Ketone bodies (as acetone) 
(mg/24 h) 

(a) 

(b) 

Acetone (mg/1) 


(10-45) 

13-49 

(9.0-28.5) 


Values from (a) 25. (b) 18, (c) 60 subjects. In prirn.ary ht-pcroxaluria lOt'^-^OO l 
per diy IS cxcrctcd'^^. 


(10-100) 

(<400) 

(0.2-2.5) 


1 Values (a*) usual in adults; values (b) inyounp rren. The ketone bodies con* 
; of acctoacctic acid, ^-hydroxybunne acid (which must be oxidtred bef: 
i determination as Icronc) and acetone; the propoftion of 3-Hydroxybut*/ 
! acid increases as the total ketonc-body CYcrction ri<e?. hc'-fztd durjni: 
espeebliy when physical work is done at the ^ame time anti w hen the amb'.‘ 
tempenmre is low; dicnzr.d in dchydntion. It is v%cim/Vv 
diabetes (up to 50 g,'l in poorly adjusted patient'b thyrcoto'tico*is and fc'"' 
Childrcnarc more inclined to hyperketonuria than adults, 
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tinge 

m '"•tkeii) 

• 

Rcfet> 

Retnitki 

mlt, aromatic aciJt 





TbeanimKieacidi ire partly bound to iininoicids (page 646), the phendaro 
glucuTOAK acid ^ge 673) 

enol (mg/24 h) 

10 

(8-13) 

- 



lirtiol (m^/24h) 

87 

('S'»-117) 

- 

" 


tocatechol (mg/24 b) . . . . 

57 


- 



Methoxy-4.hydroxyph«T>' 
ylglycol (mg/24 h) 

30 

(* <-4.6) 

08 


Valuet ftotn 18 *ub|ecii 

M(thoxy«4-hyciroxyphen* 
yUctde acid (bomoTanillie 
Kid) (mg/24 h) . . 

5 35 

3 5-7.6 

11 


Viluea from 15 young adiilte 

anilUc add (mg/24 b) . . 

- 

(<5) 

- 

>• 


-Methoxy^hydroxy* 
mandelic acid (mg/24 h) • 

36 

_ 

_ 


For fotthet data aec page 733 

libydroxyphenylaccdc 
•cid (mg/24 b) . 

0.7 

. 

_ 

„ 


Sihydroxymanddie acid 
("'8/24 h) 

04 

_ 




llomogendile acid 





Excreted in urine in mcaiurible amounl only in ilkaptonuna (VS g/24 b)*^ 

**Hydfoxybctao<c add 
(mg/24 h) 

- 

(*0-l6) 

. 

„ 


^-Mydroxyphcflylaectlc 
add (mg/24 h] 

- 

(l5-31) 

- 

■> 


Lipuli 

1 

, 




Non-dlalyaable llpidi 
(mg/24 h) 

1 

! 

1 

1 0-31 8 

1 

81 

1 

- 

iupid content of the non.dia]yiabIe ma renal in urine (ree page 663).conaitnng 
of choltrieTol, phorpholipidi and fatty acid., inglycendei ate not nocma^y 
pierent Lipid eicereiion ii incieajed in lome kidney diaeaiei. particularly the 
nephrotic ayndrorne 


l' 

, '^‘^a-sef 


r " 

VatuerfroaiSiuhrecii 

PJ'o'phollpid* (mg/24 h) 

95 

1 C' 0-13 3) 

1 _ 

i » 

Value* from $ tuh)ee1> 


S?rw *' */ Vtil^ EkkirtIjIiltSwnhilr, 
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Urine - Vitamins 



Mean 

95®/o range 
(extreme range 

■ 

Refer 

Remarks 



in brackets) 

II 



Coenzyme Qio (lig/24 h) . . . 

15.4 

(0-58) 

- 

1 


Thiamine (p.g/1) 

6) 

900 

(800-2400) 


2 

Values (a) from 31 subjects, using Ochromanat denica ^ ; values (b) from 2’ 

(b) 

96 

(110-370) 

22 

3 

jeets, using Ochromoruji malkamensii3 values (c) on 24 infants during th' 
three days. Except in dietary thiamine dcfidenc)', the urinary thiamir 

(c) Newborn 

52-140 


cretion increases linearly with the intake. In thiamine deficiency it falis ra: 






whereas the excretion of thiamine metabolites remains largely constan 
page 470). In beri-beri 0-14 pg thiamine arc excreted daily®. Thiamir 






cretion is increased in diuretic treatment unth mercury salts but not 

Riboflavin 





thiazides®. 

(a) Newborn (ng/l) 

219 

157-281 

31 

4 

Values from (a) 24 infants during the first three days, (b) 31 children, in 

(b) Children, 3-7 years 

(ng/24 h) 


(50-650) 


7 

of whom values wctc below 300 jxg. Riboflavin excretion varies witl 
dietary intake (sec pages 471~472). 

(c) Adults ((rg/24 h) 

- 

(150-2000) 

- 

6 


Vitamin Bt (lig/24 h) 

40 

(20-120) 

- 

8 

Determined by means of Tetrahymena pyrifomit. 

(nmol/kg/h) 

Total 


(0.55-1.24) 


9 

Values from 3 children and 3 adults. The free viutiun was determined b 

Free 

- 

(0.08-0.29) 

- 

9 

hydrolysis, the total vitamin after hydrolysis, in both eases using Satchan 
(arhbergensij. 

Pyridoxic acid 


(1 .7-8.0) 

~ 

9 


Nicotinic acid 

(a) Children (mg/24 h) 

2.3 

(1. 8-2.9) 


10 

Values determined (a) chemically, (b) microbiologically with Tttrahyrrrr^ _ 

(b) Adults (mg/1) 

1-Methylnicotinamide 

— 

(1.16-1.54) 


3 

formis. 

(mg/24 h) 

(a) Newborn, 4-50 days .... 

1.71 

(0.55-4.87) 


If 

Values from (a) 14, (b) 29, (c) 25 subfects. The excretion of this nicotinic 

(b) Children, 6-11 years 

2.70 

(0.77-5.45) 

- 

12 

metabolite is decreased in pellagra (see page 477)v 

(c) Men, under 35 years 

7.38 

(2.85-12.3) 

- 

13 


(c) Women, under 35 years . . 

6.05 

(2.34-12.7) 


13 


(c) Men, over 50 years 

3.60 

(1.76-10.5) 

~ 

13 


(c) Women, over 50 years . . . 
3-MethyI-2-pyridone 5-car- 

3.45 

(1.50-9.20) 


13 

1 


boxyiamidc (mg/24 h) 

(a) Newborn, 4-50 days .... 

1.64 

(0.30-6.67) 


11 

Values from (a) 14, (b) 29, (c) 25 subjects. The isomeric compound 1-mctl 

(b) Children, 6-11 years 

4.47 

(1.55-11.8) 


12 

4-pyridonc S^caiboxylamide is also present in unne^^. TTic excretion 
l-mcthyb2*pyndonc 5-carboxylamide is increased during pregnancy*^® 

(c) Men, under 35 years 

13.29 

(4.44-29.2) 

- 

13 

fluctuates during the menstrual cvcle^®’^®; it is pathologically dccrcasec 

(c) Women, under 35 years . . 

11.14 

(4.30-32.2) 


13 

diabetes^ ^ and pellagra (sec page 477). 

(c) Men, over 50 years 

6.20 

(0.80-21.1) 


13 


(c) Women, over 50 years . . . 

12.28 

(1.75-29.2) 

- 

13 1 


Vitamin Bis (ng/24 h) 

- 

(0-27) 


19 

On a normal diet. 

Folic acid (ug/24 b) 

4 

(2-7) 

- 

18 

On a normal diet. 

Biotin (ug/l) 

- 

(6.26-32.7) 

- 


Values determined with Ocfiro/^/tuta: d^mca. Present in the unne tn the free foi 

Pantothenic acid (mg/1) .... 

2.90 

(0.76-4.1) 

- 

" i 

Values determined with Laclohacil/uf pUntaru’K. Present m the urine in the ( 
form. 

Ascorbic acid 

(a) Newborn (mg/1) 

45.4 

31.8-59.0 

6.8 


Values (a) from 24 infants during the first three d.iys. The values (b) for acli 

(b) Adults (mg/24 h) 

- 

(10-100) 

- 

- 1 

i 

arc dependent on the degree of tissue saturation and on the dictar)’ intake ( 
pages 4S9-490). 


References 

1 Napier et al., Nature, 202, 806 (1964). 

2 Baker ctal.,.^w^r.y.t’A^.AV/r., 14, 197 (1964). 

3 Baker and Sorotka, Advaftc.tlin.Chem., 5, 173 (1962). 

<DAHLctal.,-' ■■ "• ^■*'^''^'’^196!). 

s Goldsmith, ( ■. ■ ■ “ ■ • Nu/r/Han,voU, Aca- 

dcmic Press, f ■ ' 

5 DuPELand Soloff, Amer.J. rued. Set. ,2A3, 58 (1963). 

7 Maslenikova and Kosenko, Vop.Pitan., 21, No.5, 31 (1962), quofed m 
Nutr.Ahslr.Jlev., 33, 521 (1963). 

3 Baker et al., Amtr/j.tlin.Nutr,, 18, 123 (1966). 


3 SCRlVFR and CoLLFN, Ptd:a{rici,1(3, 14 (1965). 

Hadoox and S.ASL.w,y.f/jn./rTt'^//.,42, 435 (1963). 

Apollonio et al., y'lrM rNarrjfl. 17, 65 (1963) 
t2 Mainapdi et al., Atta tita^h. ( , 17, 153 (1963). 

^3 MaInaRdi et al,, Aeta 16, 255 (1962). 

^4 Chang and Jo>iN''Ov,y.l',-7/.C^fn., 236, 2006 (1961), 

Brows et al.,y.fA,T./ffrf;/., 40, 617 (1961). 

MAtNARDt et al., Acta r/7rt-rf*r.|' 19, 15 (1965). 

^7 pAsgt’ARiELLO, G., Acfa ( N. tl'i'’'') , 18, 225 (1964). 

Rfcisttr and Sarett, P»-of.Af’r.^x/>.7}/!i/.(A.y'.),77, 837 (1951). 
^3 Crasseck, R., Adranc.di’i.Chtf^,, 3, 290 (I960). 






Urinary Sediments 


1 Mem 1 

^ 95«'. rings 

' 

Rtftt- 

R.™,h 

ythtocylti (pet ml) • ■ • • 

130000 

i 0-2500 


i ’ 

On the erythrocfu content of the unne of newborn uifmti lee A»i^, on thit 

ot pngntaej amc ue ScHOt*^ The erythrocyte content mif be increiied uv 


C^-3000 



lorjonc congeieun) ii ilio in vinoui dueixi of the kidneyt ind uriniry Irict, 
lorhKlin^ kxiney ttiMc Ml) blid tier none 

On the leucocyte eonteni of the unne of newborn infant! tee Aa>^, on that of 
ptcgniTKy unne lee Scmolz^ The leucocyte content u incfcaied m lU in- 





, 

(0-S74000) 




t 





, 


yiline cam (pet 24 h). . . . 

2000 

- 

- 

• 

73% of alt tedirnenti contain no hyaline cattt 

jcteria 





1 -• 1 ■ 


Bioiiot 4 . 2«1 

UvrUAN, R V . Vnm '4< Vn"”J SiJimriU, Jnii «d , Thonut. SpaagAcld. 

t1J7 

Am K.. A.U p^u! (Vpp^hift, l«l (l«l) 


• KHOU. H . 1 , IS, 74J f J9«5) 

• t J . IMS (1962) 

• McOuchii *fld KuveDT,/ tU, PtH , U, 32 (19l5 J> . *njm 

JUU. 31 , 473 (|« 4 ), s, 4 ^„ „ ,1^ A*y//-« 

mU r«i»,9S,922 (196S) 


« »1 . W’ 

t (1^'iiy, 


\morphout an^ cfy^talllne c>)«m\ca\ tadlmenei 



1 

SelubilitsCO w 

rradilyaolublc, • m ipariflglyaolyble) : 

Sediment 

Oiaraetetiatict | Oceurrenct 

L 1 

ikai- 

Alkalli 

Miv 

iral 

wida 

^d* 

Alco- 

hol 

Ace* 

Ether 

Uric Kid 

i 

CrrttalttnoatlT.butnotalwiyveo'outtd Aeidunne 
yellow by abaorption of urinary pigmenta ‘ 

O 

(«•♦© 

0 

• 

• 

• 

• 

• 

I’rtm 

Calnum.magneiiumandpotattiumufatea. 1 Ammonium urate an alhaltne 
moaily amorphoui, in eoncenrnied acid unnea All other uraiea to acid 
unne Colour and ehenvieal behaeiout at , urviea 

o 

W0‘O 

o 

• 

• 

• 

• 

• 

Phntnhaiea 

CaKum 

phacc 

Ammonium 

itURntiium 

phoaphate 

1 Calcium oxalate 

for line aeid | 

1 Rare ' Alkaline urine 

1 i 

Commoner J Alkaline untie 

' Sisc about ihit of trythmeriei ' Uiually in acid unoC; M*o m 

[ oevtral and weakly alkaline 

• 

• 

• 

• 

• 

• 

O 

0 

o 

0 

0 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1 

' Coloutkii eryattla (ducuvciMci (roin one Acid unne 
and cryatala, when ol aimilar form) Moat 1 
' be looked for ut freah unne aince eyaiine la 1 
rapidly dealroyad by baeicna ^ 

• 

o 

cap 

o 

• 

• 

• 

• 


Ofien yellow-coloured auice they ait aiao- And unne 
ciaitd with laundicc Moady aecompinied 1 

1 by leucine Ocut in acute yellow atrophy | 

phoiuapoiaonuig, leukaemia j 

• 

(rel-^ 

o 

0 

reel[>,t,t 

neuitiluj 

d° 

• 

• 

• 

Veucine 

See lyroainc Cryitala in gnne are impure Aeld uruiC 

Pure leucine eryataliiiea in hcaagonalplclc- 1 
leia 

O 

(rel-^ 

o 

O 

0 

• 

• 

• 

1 Pilirubin 

Coloun any unc and Cryitilj preaeM end Acid untie 

• 

o 

o 

o 

• 







readijyw 

luhle in 

chlotnfo 



Indigotin 

Rare Alio cciloiira other cryitala and thua Alkaline or acid untie 

eery loluble 

in chlor 

form 

• 




AgureonpigeGTS CryiTaltim ffomchloro- i 


1 


L 




^ t-holeattrol 

iVcrTraie Andurvie 


aoluble 


oforra 

• 



' M'rpuricacKi 

. \'erT rare | 

o 

O 

1 • 

• 

• 



Silphceiamidn ' EaailedutinttuiaKedfmniuncaodcryttalat 

■ 

_ 

1 ■ 

' 

■ 

O 

- 



678 


Urinary Sediments 


Amorphous and crystalline chemical sediments* 








Sweat 

(Fot tefeteiuM Kc pige ^S|) 


Sucit U i«cc«ced bv k inds of gland, the small, ecctine a«cat 


pocnne sweat', so that unless otherwise stated the data m the 


lection, the rate of secretion and the location There is an e«ensive 
litenture on the composition of eccrme sweat*'*. 


.App^xiKiali numhtn ej nta! planii* 


Total . 1 

' 2 million 

Flexure of elbow , 

1 751/cm‘ 

Faint of hand 

I 373;ein» 

Chest 

I55-350/cni> 

Buttocks 1 

S7/ctn' 


ErcriM swett ufileis 
oibecwiK listed 


95% range 
(carrerrte range 
in bnckeis) 

■ 

Refet- 

cnee 

Rcmsrls 

Phytlcochsmlcal deU 






Appearance 





Eecfific sweat clear, witery.odourieis. 

Apnettne aweat iloudy, viscous, often slightly yellow and fluorescent, some- 
limes bluuh oe Wacklsh (chtottihiJfotis ■« eeeeisive colorst'on) , sterile ipo- 
tnneiuestss edousUss but ssptdly sequues us cbsTScucisue sitieU from bsc- 


1 




Meat •etioft fbromhidtosisor oimidfons — developinent of esceiiive odour) 

Amount 0/24 h) ^ 

03-05 



, 

(s) Insenubte perspiration m macroseopiesUy insisibte sweat ind irsnscpider- 

ft) 

C2>3)l 

■ 

■ 







swesimg ’ ' 

SpcclAe gravity 


(i.00l-|008) 

- 



^reetlng'point depression 






fCl 

! 

(0 32-057) 

1 

■ 

' 

“ ■ ' ‘ 

Surface tension (dyn em-‘) 

1 . 

I {69-70) 

- 

.a 

Measured St 37-38 ‘C 

Wstee(g)l) 

1 - 

1 (990-995) 


■ 


Dry lubtunce (g/|) 


1 (5-10) 


’ 

Consists of SO* • orgsmeand 50% morginic mailer 

pH vilue 

1 - 

1 <«•») 

1 

h 

' 1 

Apoenne sweat is about 0 5 pH less and than eecrine aweat'. possibly because 
of ICS higher irhmonia cootenlt* 

Inorganic aubitancea 

Chloride {mtq/i) 

' 

I 

1 




0) Newborn, lit day 
(^'Children, 1-13 month* 

1 39 

123 

1 14-64 

25-221 

12 5 

;; 

! 5i»*’“r«>* in pilocarpine swell (rom (,) lOO. (S) <3, (r) 107, (d) 17, (e) 63 and 
1 (OlieubieeCf On the method of determinttirui seelssorretal ’7 Onphysio- 

(0 QiilJren, l-lOyears 

15 3 

0-315 

8.1 

r« 

1 iS’T* P'thological changes m the chloride content of sweat see under 

t Sud<um\page«IO 

WtuuUren, 10-W years 

1 19 9 

15-5S5 

9.2 

ft 

(e) Adults. 17-50 years 

1 297 

0-65 1 

17.7 

»• 


(0 Adulrs. over 50 years 

3S9 

54 5-43 5 

i3 



l^oiphaie (jTg/}> 

1 14 

j (10-17) 

- 


Measured onSchiUren-Dslaonthe phosphate conient of sweaCTSry widely* 7 

Sulphate (mg/l) 

' - 

' (7-190) 

- 

' 

Use then SO*., is inorganic sulphate 

(mg/l) 

- 

‘(0182-0 502) 

- 



*^>»ride (mg/i) 

- 

1 (02-lJ) 

' - 

i” 

I 

ludine (ug/t) 

95 

1 (5 4-12.2) 

- 

1 

1 " 

1 fvtrMWincpticpancftatxfibrosiiaa 
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Sweat 


Eccrinc sweat unless 
otherwise stated 

Mean 

95% range 
(extreme range 
in brackcU) 


Refer 

cnee 

Remarks 

Potassium (mEq/1) 

(a) Newborn, 1st day 

8 

2-14 

3 

14 

Measured in pilocarpine sweat from (a) 100, (b) 43, (c) 107, (d) 17, (c) 

(b) Children, 1-12 months . . 

11.2 

4.4-18.0 

3.4 

IS 

(f) 6 subjects. The potassium content decreases slightly with incrcasir 

(c) Children, 1-10 years 

9.6 

4.0-15.2 

2.8 

16 

of sccrction^^. It is moderately increased in cystic pancreatic fibrosis^®' 
but the change is not as characteristic as that in the sodium or chloride cc 

(d) Children, 10-16 years. . . . 

8.5 

3.7-13.3 

2.4 

IS 


(c) Men, 20-60 years 

7.5 

4.3-10.7 

5.8-14.2 

1.6 

2.1 

23 


(f) Women, 20-60 years .... 

10.0 

23 


Sodium (mEq/1) 

(a) Newborn, 1st day 

36 

10-62 

13 

14 

Measured in pilocarpine sweat from (a) 100, (b)43, (c) 107, (d) 17, (e)33, 

(b) Children, 1-12 months . . 

14.5 

5.1-23.9 

4.7 

IS 

and (g) 21 subjects. The amounts of sodium and chloride in suxat arc d 
dent on many iactors^^, such as hereditary disposition, age, season, s 
collection and diet; they increase as the rate of secretion increases an 

(c) Children, 1-10 years 

19,5 

3.3-35.7 

8.1 

16 

(d) Children, 10-16 years. . . . 

29.2 

6.0-52.4 

11.6 

15 

higher in heat sweat than in pilocarpine su'cat’®. The sodium/chloridc 
is 1,0-1. 3^. In children and young adults the upper limit of the normal i 

(e) Men, 20-60 years 

51.9 

9.7-94.1 

21.1 

23 

of sodium concentration in heat sweat is reported to be 70->60 mEq/1 

(f) Women, 20-60 years .... 

36.5 

0-73.9 

18.7 

23 

<»rrcsponding figure for chloride being 60-70 mBqjV 

first days of life this limit is somewhat higher^ In cystic pancreatic fib 

(g) Adults, over 65 years .... 

55,5 

7.5-104 

24.0 

26 

the sodium and chloride contents of sweat almost always exceed these lirr 






values; a less characteristic increase in the sodium content is seen in fc 
functioning of the adrenal cortcx^(this can be corrected by giving aldostcn 
The sodium and chloride contents are lowered in primarj' hypcraldostt 






ism^s. 

Calcium (mEq/1) 


(0.2-6) 

- 

7 

The calcium content increases with increasing rate of sweat secretion, 
longed severe sweating may result in serious loss of calcium-^^. 

Magnesium (mEq/1) 

- 

(0.03-4) 

- 

7 


Iron (mg/1) 

Men 

1.15 

(0.63-1.88) 

_ 

31 

About '/« of the ingested iron is excreted in the su'cai when this is frecofe 

Women 

1.61 

(1.21-2.30) 

- 

32 

•the iron content of heat sweat from the arms being 190 ;ig/l, from the 
250 4g/l35 

Copper (mg/1) 

0.058 

- 

- 

34 


Manganese (mg/1) 

0.060 

- 

- 

« 1 


Zinc (mg/1) 

1.15 

0.55-1.75 

0.30 

) 

55 ' 

1 

\ 

1 

Heat sweat from 10 subjects. 

Nitrogenous substances 



! 

i 


Total nitrogen (rag/1) 


(230-400) 

i 

- ! 

' 1 

The nitrogen content of sweat vanes widclv, published values lying betW' 


1 


f 

t 

170 and 1960 mg/1, including 50-lSOO mg/I urca>N, 10-350 mg/1 ammunw 
and 10-100 mg/lamino-acid-N^. 


Urea (mg/1) 

- 

(260-1220) 

- 

S ! 

t 

1 

The urea content of sweat varies widely, published values lying between 
and 2000 mg/1^; in general it is about twice that of the scrum^. 

Creatinine (mg/1) 

4.6 

(2.1-8.4) 

- 

15 i 

i 

Values from heat sweat of 4 children. Published values range from 0 to 6 / mt 
with a mean of about 4 mg/l^* 7. 

Ammonia (mg/1) 


(60-110) 


1 

' 1 

The ammonia content of sweat varies widely, published values lying hetwe 




12 and 425 mg/l^ ; this is partly due to ditfcrcnccs in the extent to v hich ut 
is broken down by bacteria. It is 25-200 times greater than the ammonia or 








tent of the serum'^. 

Amino acids (g/1) 

(a) Children 

1.40 

1.23-1.58 

0.087 

18 

(a) Calculated as leucine in the pilocarpine swc.!! of 18 children (in hear swt 

(b) Adults 

1.38 

(0.54-2.59) 

- 

36 

the mean value Is 2-65 g/1). (b) Heat sweat of 4 men. (c) Pilocarpine sweaty 
151 men and women; the following u ere quaniitativclv determined (m ofc- 

(c) Adults 

0.476 

0,27-0.68 

0,102 

37 

of decreasing concentration): citrullinc. serine, glutamic acid, aspartic so 
arginine, threonine, alanine, leucine, glycine, hvstidinc.omithinc. lysine, va m 






also detected in some samples were phenylalanine, tyrosine, prohne. tr>r^ 
phan, taurine. 

Uric acid (mg/1) 

- 

(0-15) 

- 

S 

Other siudies'^^ found no unc acid in sweat. 

Urocanic acid (mg/1) 

57 

1-113 

28 

16 

Pilocarpine sweat of 18 children (mean calue in heat ria’cat 148 rr.p'l). 
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Semen 

(For references see page 685) 


The ejaculate (total semen) is a suspension of spermatozoa in a 
liquid medium, the seminal plasma. The latter consists of the vari- 
ous secretions of the accessory reproductive organs, namely the tes- 
tes, cpididymidcs,vasadcfercntia, seminal vesicles, prostatcand ure- 
thral and bulbo-urethral glands. Tbe composition of the total semen 
depends on the amounts of these individual secretions contained 
in it. Those of the three principal fractions can be calculated from 
the content of acid phosphatase, characteristic of the prostate secre- 
tion, from the number of spermatozoa, characteristic of the testic- 
ular and cpididymal secretions, and from the content of fructose, 
cliaractcristic of the secretion of the seminal vesicles'. The method 
of collection also has some effect on the composition. 

In ejaculation a few drops of the urethral and bulbo-urethral 


gland secretions are first discharged. This is followed by the prostate 
secretion, usually free of spermatozoa, then by the middle portion 
of the seminal vesical secretion containing the spermatozoa, and 
finally by the highly viscous part of the latter secretion^. Immedi- 
ately after ejaculation the semen coagulates as a result of the action 
of an enzyme from the prostate on a fibrinogen-like protein from 
the seminal vesicles. Within 15 minutes of ejaculation the semen 
liquefies as a result of fibrinolysis of the coagulum, a process in- 
volving a plasmin-like enzyme from the prostate; this is followed 
by hydrolysis of the proteins to amino acids and ammonia. 

Unless otherwise stated, the data in the following table refer to 
the liquefied ejaculate. There is an extensive literature on the com- 
position and properties of semen^'®. 


Total semen unless 
otherwise stated 

Mean 

1 

95Vo range 
(extreme range 
in brackets) 

■ 

Refer- 

ence 

Remarks 

Physicochemical data 

, , , 

. . . 


... 

For further data on spermatozoa see page 686, 

Appearance 



... 


The fresh ejaculate is milky, slightly opalescent, and contains glassy, sticky 
threads as well as sago- and tapioca-like particles. The seminal vesical secretion 
occasionally contains yellow pigments (flavins). 

Volume of the ejaculate (ml) 

3.4 

0.2-6.6 

1.6 

6 

Values from 1000 measurements after continence of at least 3 da)'s. Very 
varbblc in the same subject. Repeated coitus causes a reduction in the volume, 
long continence an increase (up to 13 ml). 13-33% of the ejaculate volume is 






from the prostate, 46-'80% from the seminal vesicles, about lOVo from the 
epididymides^'-^. 

Specific gravity 

1.028 

(1.020-1.040) 

- 

S. 7 

The specifiegravity of the whole ejaculate depends on thespermatozoal content. 


1.035 

(1.031-1.039) 

- 

a 


Prostate secretion 

1.022 

(1.018-1.027) 

- 

a 


Seminal vesical secretion .... 

1.037 

- 

- 

a 


Freezing-point depression 






(°C) 

1 

1 




(a) 


(0.56-0.58) 

- 

9 

(a) 1 hour, (b) 16 hours after ejaculation. 

(b) 

- 

(0.74-0.78) 

- 

9 \ 


Osmolality (mosm/kg HjO) 
Seminal plasma 

296 

1 

_ 

10 


Spermatozoa 

296 

- 

“ 

10 

i 


Relative viscosity at 20 °C. . 

6.45 

1 , 


1 

1 s 

\ 

! The viscosity of the whole ejaculate is largely dependent on the spcrmatornal 
content; that of the prostate secretion is low, that of the seminal vesical secre- 
tion high. The ability to form threads is characteristic of the secretions of the 
urethral and bulbo-urethral glands^. 



Surface tension (dyn cm*') 
At20°C 

66 


I 

i 

9 


Atl5°C 

- 

(52-59.5) 

- 

11 


Specific conductivity 




i 


(Sem-t) at20‘’C 

1 

(0.0088- 
1 0.0108) 


’ ! 


Water (g/i) 

918 

(891-944) 

- 

a 1 


Prostate secretion 

932 

(927-936) 

- 

a ' 


Seminal vesical secretion 

890 

- 

- 

a 


Spermatozoa (g/kg) 

830 

- 


10 


Dry substance (g/1) 


(80-130) 

- 

e j 

Consists of about lOVo inorganic and 90“ » organic maitcr^^. 

pH value 1 

7.19 

(6.9-7.36) 

- 

8 

Loss of CO 2 on long standing causes semen to become alkaline (pi 1 7.6-8 0). 

Prostate secretion 

6.45 i 

(6.3-6.6) 

- 

a 


Seminal vesical secretion 

7.29 



a 


Inorganic substances 

Carbon dioxide (mmoi/I) ... 

24 

(19.2-33.2) 


I 

i 

i 

« ; 


Prostate secretion (mmol/1) . . 

4.2 

(3.1-5.4) 

- 

a 


Spermatozoa (mmol/kg) .... 

10.5 


- 

10 


Chloride (mEq/1) 

42.8 

(28.3-57.3) 

- 

a 


Prostate secretion (mEq/1) . . 

38.1 

(34.8-46.1) 

- 

a 


Spermatozoa (mEq/kg) 

33 

- 


1C 1 









Semen 

(For Rfereom tee p«ge <aS} 


Total Kmea unlesi 
otherviie itated 




teftt" 

Rm..k. 

lotphoru* (g/l) 

1.12 

. 


s 


:id-soluble photphorus . . . 

0.57 

(0 28-0.94) 

- 

• 

TTie a^.^ubU phosphonu of ibe lemmal plasma consists mamlv of phoa- 
phoiyleSolBiesndglifCetylphosphonrlcboline ^ 

Prostate secretion 

0 03 

(0 02-0.06) 

- 


Seminal vesical secretion . 

0 46 

(0 30-0.62) 

- 

la 


Spermatozoa (g/kg) .... 

1.6 

- 

- 

t» 


lOTganic phosphorus 

0.11 

- 

- 

* 


ipid phosphorus 

0 06 


- 

• 


otassium (mEq/1) 

31 3 

- 

- 

•« 



229 

(17-27.4) 

- 

* 


tostste secretion 

48 3 

(28 7-61.4) 

- 

* 


eminal vesical secretion .... 

17 8 

- 

- 

* 


■permatozoa (mEq/kg) . . 

35 

- 

- 

to 


iodlum (tnEq/l) 

117 

(100-133) 

- 

• 


I^ostite secretion . . 

153 

(149-158) 

- 

* 


>emina) vesical secretion 

103 

- 

- 

• 


spermatozoa (mE<i/kg) 

no 

- 

- 



Calcium (mE«j/l) . , 

124 

(10 6-14 3) 

. 

a 


Prostate teetetion 

60.4 

(57 4-65 4) 

- 

♦ 


Seminal vesical secretion . 

7 

- 

- 

' 


Magnealum (mEci/1) . 

115 

- 

- 

• 


Copper (mg/i) 

- 

(0 06-0 24) 

- 



substance) 

Seminal pUsma 

3.1 





l^tite teetetion 

1 72 

- 

- 



Spermatoioa 

1 20 

! 



1 

Total nitrogen (g/l) 

[ 913 

{5 60-1125) 

. 

i e 

1 

1 

Prostate secretion 

' 4 16 

(2 95-511) 

- 

• 

1 

Seminal vesical secteiion 

' 1184 

(12 33-13 43) 

- 


' 

Nonprofeln nitrogen (g/l) 

, 0 96 

(0 73-1 30) 

- 

• 


Prostate secretion 

0 54 

(0 30-0 90) 

- 

• 


Seminal vesical secretion 

0 99 

1 

- 

1 • 


Ammonia (mg/I) 

1 20 


_ 

1 . 


I’fta (mg/I) 

Seminal pUsma 

720 



1 


Creatine (mg/ 1 ) 

Seminal plasma 

170 



’ ze 


Arginine (mg/ 1 ) 

^'"unal plasma 

900 


i - 


j 

Ammo adds (g/l) 

Seminal plasma 

12 6 

- 

' - 

l„ 

1 Total of 19 free and ^ptide bound smino acids determined bv column 
i fiiaiographr AllairunoaciJssre present in considerably higherconccntra.^ 

, than tn the blood plasma 24 ammo acids hare been idenriDcd in lerr^ 

1 ihHs layet chtt>matogrsphy*r. 

C>ioUQe(f,e«) (g/I) 

0 70 

' 

- 

1 ** 

! 2 ssiaautei after ejaculation increases to more than 20 g/l 6 hours later at 
Rtalc of lihertiioA of choline fmm pho.phorylcholme under the action rj 

1 scad phosphataae 

^Phorylcholine (g/l) 

306 

(186-3 80) 


1 " 

1 


*^'*’7lphoiphorylfhotine 


0 66 (0J*-0 90) 



i. uvili sciticii unless 

Otherwise stated 

Nfcan 

(extreme range 

B 


Remarks 

1 

1 

in brockets) 

B 


spermine (g/1) 


(0.5-3.5) 

- 

5 

Includes about 10% of the diamines spermidine^ 1,3-propanediamincandpu- 
trcscinc^^. 

Ergothloncinc (mg/1) 

15 



36 


Seminal vesical secretion .... 


«10) 


S 


Glutathione (mg/1) 

Seminal plasma 

1 

300 i 

i 

_ 

— 

37 


Uric acid (mg/1) 

60 

- 

- 

5 

i 


Proteins (g/1) (a) 

4S.0 

(32.9-68.5) 

- 

e 

(a) (Total nitrogen - nonprotcin nitrogen) X 6.25 ; (b) determined gravimetti- 

(b) 

58.0 

(43.0-77.4) 

- 

a 

cally; (c) determined by biuret reaction. As immunoclcctrophorctic studies 
have shown, the seminal plasma contains various serum proteins (aibu- 

Seminal plasma (e) 

i 

(18-47) 


38 

min, ai-globulin, ota-globuUn, transferrin and yG-globulin) as well as organ- 

Prostate secretion (a) 

21.7 

(16.6-29.3) 

- 

a 

specific pfoieins arising partly from the prostatc^®*^^, partly from the seminal 
vcsiclcs^^. After ejaculation the seminal proteins are rapidly broken do\i*n by 

(b) 

25.5 

(24.6-26.4) 

- 

a 

the action of proteolytic enzymes. 

Seminal vesical 





j The proteins of the spermatozoa consist mainly of nucleoprotcins and enzymes. 

secretion (a) 

77.8 


- 

a 


(b) 

90.4 


- 

a 


Mucoproteins (g/1) 

Seminal plasma 

9 

- 

- 

32 

The semen probably also contains other mucoproteins in addition to this frac- 
tion adsofbable on benzoic acid. 

Sialic acid (g/1) 

- 

(0.60-1.05) 

- 

1 33 

Only about 4% of this is dialysablc'^'^, indicating that the sialic add isacompo- 

Prostate secretion 

_ 

(0.75-1.05) 

- 

' 33 

' nent of the mucoproteins. 

Seminal vesical secretion .... 

- 

«1.3) 

- 

33 


Deoxyribonucleic acid 



i 



(pg per spetmatozoal 
nucleus) 

! 

1 

2.5 

- 

1 

1 

j 

35 

) 

1 

The amount of DNA, an integral component of the chromosomes, in the 
spermatozoa of men of normal fenility is constant and fairly uniform, whereas 
in those of men with doubtful fertility it is inconstant and varies wdcly from 
’one individual to anothcr'^^*’?^ 

Enzymes 

i 

; 1 
1 1 

j 

1 

: 

1 

i 

1 

... j 

1 1 
1 

1 

1 

i 

i 

j 

1 

1 

1 

1 

f 

j 

1 

The spermatozoa are rich in various enzymes® such as cytochromes, succinate 
dehydrogenase, lactate dehydrogenase, malate dehydrogenase and adenosine 
tnphosphatasc.Thc spcmwtozoal head contains hyaluronaie lyase Hghtlybound 
to the cell surface and readily released into the seminal Auid. The semirM 
plasma contains many cnz>'mes; quantitatively determined have been lactate 
dehydrogenase®^, malate dehydrogenase®^, isocitrate dehydrogenase®^, gluta- 
thione reductase®^, asp.irtatc aminotransferase®®, alanine aminotransferase®®, 
creatine kinase®®, phosphatases^^, ct -glucosidasc^^, p-galactosidasc^®, a-man- 
nosidasc^®, 3**^‘*^tiosidasc^®, chitobiasc^®, 3'Rlucuronid.ise^^. The seminal 
plasma has a high fibrinolytic and proteolytic activity® but the cnr>’mcs respon- 
sible have not been clearly identified. 

Alkaline phosphatase 

i 

i 

1 

i 

1 

: (U/l, 37 “O 

Seminal plasma 


1 

(18-177) 

1 

i 

40 j 
i 

For definition of the unit U sec page 584. 

Acid phosphatase (kU/1, 

37 °Q 

Seminal plasma 

Prostate secretion 

i 

1 

1 

1 

(96-750) i 

1 

- 

[ 

40 > 

For definition of the unit U sec page 584. The aad phosphatase of semen arises 
mainly from the prostate. The phosph.ntasc content is fairly constant in different 
ejaculates of the same individual but may var>* widely in different individuals 

Boys, 11 years 

9 1 

1 

- - 

42 

Boys, 16 years 

1540 ! 

! 

- i 

43 ' 


Men, 20-40 years 

2560 


- ! 

44 


Men, 40-100 years 

660 

1 

i 

■ 1 

44 ! 

( 


Non-nitrogenous 

substances 


i 

j 

1 


' 


Fructose (g/1) 

2.24 

(0.91-5.20) 

- ! 

5 ; 

7 5 1 

The fructose content of semen arises mainly from the seminal vehicles and 
varies widely. None is detectable before puberty or after castration, \alues 

Seminal vesical secretion 

3.15 

(1. 7-8.2) 



below 1.2 indicate impaired functioning of the interstitial cells of Lrioin. 

Glycogen (g/1) 

Seminal plasma 

- 

(0.14-5.5) 

1 

- 1 

1 

41 

\ 


Inositol (g/1) 


I ; 

1 ( 




Seminal plasma 

0.6 

' - I 








Semen 


685 


Total KTtiea uoleta 
otlietwlM fitted 

M..n 

9S*A range 
(eitreme rings 
m braeketi) 

- 

Refer. 

Remarks 

Sorbitol (g/1) 

Seminal pluma 

01 





Pyruvic »dd (g/l) 

Senunal plasma 

0 29 

(0.11*0 56) 

- 

ar 


Citric (cld (g/l) 

3.76 

(a 90-143) 

- 

« 


Prostate secretion 

- 

(4 80-269) 

- 

• 

of (be pcottate secretion gnduallf diminishes after castration 

Seminal vesical secretion .... 

- 

(015-02^ 

- 

1 * 


Lactic »eld (g/l) 

0 37 

(0 28-0 52) 

- 

» 


Prostate secretion 

1 OSO 

- 

- 

' 


lipid* 






Total lipids (g/l) 

Seminal plasma 

1.8S 

(1.67-2 06) 


ar 


Prostate secretion 

2 86 

(2 60-3 10) 



'A"’' Pbotpholipidi - parcicularlp acetalphosphitidei - hepta- 

cosan) Thel^^of the lemioal pliimi «nse mainly from the prostate and are 
partly eomamed in the formed elements of the Kcretioo ^ 

Phoiphollplds (g/l) 




Setniml plasm* 

0 84 

(0 48-1 33) 

- 



Prostate icaetion 

180 

(1 44-2 25) 

- 



Cboltsierol (g/l) 

Senunal pUsma 

1.03 

(070-120) 




Prostate secretion 

1 0 80 

(0 62-1 05) 

- 



Prostaglandin* (mg/1) 

Seminal plasma . 

1 





VKamtn* 

Tocopherol (mg/kg) 

‘ 98 

! . 


a, 

1 

Vitamin Bis (pg/l) 

Seminal plasma 

- 

1 

1 

1 (0 30-060) 

i ■ 

.. 


Ascorbic acid (mg/l) 

1 43 

[ (18-72) 

1 - 


' ascoebu and probably atiiea from the aeminal vesiclei r.tl... .V.. r. 


)ttr«rtnc«f (ing,, 682-*05) 

'UxixjCTtT. 19 >uppl «6 <1949) 

*Omvi. A G./««i/w JW, 5. 222(1954) 

* J»<(NtNN, K , in Fi^tcMumtciR ind LiHN*>n (Cd&), 
4 ^Pnng«t. BtfrLn, 1954 page 54^ 


Dawswenl .Baihtm J ,iS, 627 (1957), 
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Spermatozoa 

(For Other data see pages 682-685) 



Mean 

95% range 
(extreme range 
in brackets) 

D 


Number (millions/ml) 

6) 

106.6 

0-256 

74.5 

1 

(b) 


(28-225) 


2 

Spermatocrit (ml sperma- 
tozoa/1 semen). 

~10 



4 

Electrophoretic mobility 
(10-“ cm= s-i V-») 

- 

(6.1-8.7) 

- 

6 

Motility 

In vitro (s mm“t) 


(40-50) 


6 

In vitro (mm min"^) 

- 

(0.3-0.6) 

- 

7 

In vivo (mm min"*) 


(1.3-2.6) 


7 

Spermatozoal forms (%) 

Oval 

89.8 

(66-99) 


a 

Tapering 

3.6 

(0-24) 

- 

a 

Round 

1.6 

(0-9) 

- 

a 

Duplicate 

1.8 

(0-11) 

- 

B 

Giant and pinhead 

0.6 

(0-8) 

- 

a 

Amorphous 

2.1 

(0-12) 

— 

a 

Spermatozoal dimensions 

Weight (pg) 

Head 

37 

- 

- 

9 

Length (nm) 

4.4 

(3.3-6.2) 

- 

9 

Width (ixm) 

3.2 

- 

- 

9 

Thickness (um) 

2.0 

- 

- 

9 

'.Volume ((Jim^) 

6.4 

- 

- 

9 

■■'die piece 

' Length (irm) 

4.0 

_ 

_ 

9 

Diameter (lim) 

1.0 

- 

- 

9 

Volume (|im^) 

Tail 

3.1 



9 

Length (irm) 

- 

(40-60) 

- 

9 

Diameter ((xm) 

- 

(0.4-0.7) 

- 

9 

Volume (um^) 

End piece 

“ 

(4.5-6.8) 

" 

9 

Length (ptm) 

- 

(6-10) 

- 

9 

Diameter (pm) 

0.2 

- 

- 

9 

Volume (um^) 

0.16 

- 


9 


Remarks 


(a) 1000 measurements. The spermatozoal concentration may vary widely in 
the same individual and is depressed particidarly by emotional excitement and 
physical effort. In some eases long continence also lowers the concentration 
(but increases the proportion of abnormal forms), as docs too high a testicular 
temperature (cause of testicubr degeneration in cryptorchism). Seasonal vari- 
ations have also been observed (diminished spermatozoal concentration during 
the warm months) but arc not statistically significant. There is no absolute cor- 
relation between spermatozoal concentration and fertility or infertility, but in 
general the spermatozoal content of the ejaculate is lower in infertile men. To 
this may be added an absolute reduction in the number of spermatozoa due to 
a smaller volume of the ejaculate, or a dilution of the spermatozoa when the 
volume of the ejaculate is excessive. The minimum spermatozoal concentra- 
tion for a fertile semen is regarded as 20-25 million/ml 


At pH 7.8 and 20 ®C The spermatozoa migrate to the anode. 


Normokinetic spermatozoa maintain their motility even 12 hours after ejac- 
ulation^. In the female genital tract motility is probably maintained for 48 
hours. Spermatozoa can be classified according to their motility as follows^ ^ : 
1. Nonmotile (dead), 15%; 2. only slightly motile, 15%; 3. moderately and 
4. very motile, together at least 75%. A fertile semen should contain at least 
40-60% of normally motile spermatozoa^. 


A fertile semen should contain at least 60% of morphologically normal sper- 
matozoa and not more than 10% of spermiocytogenic cells-^. 


Diagram of the human spermatozoon^® 


Head 


Neck 


Middle piece 


Tail 


Axial filament 
in 

fibrous sheath 



Outer acrosomal zone ^ _ , 
Acrosomc 

Inner acrosomal zone ) ' 

Nuclear membrane 
Nucleus 

Post-nuclear cap 
Centriolc 

Axial filament complex 
Mitochondrial sheath 
Plasma membrane 
Ring 



End piece 
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m 

la gcnetil the yield cortesponds to the needs of the 
ounimg to about 850 ml pet day for t body weight of 5-6 


loipoaidon (see pages 683 and 689) 

If u easy to obtain lome milk for chemical analysis, and many 


Fof ewmple, the fat content of inillt 


»«ia''on in composition rruinly concerns the fat 
wiient •lat*e>wdy»ihi!wasu$u4liyio,estat6a m. highest 


times must be carefully standardized if valid comparisons i 
made between subjects^ *. 

The coUecthn of a ^‘f-hour milk sample means remo- 
child from the breast during that time and emptying the 
preferably by pump The administrative difficulties involv 
jed some workers to leave the child on one breast while s 
the contents of the other But even this may mislead, the c 
tton of milk from the two breasts is not necessarily the sar 
There IS no escape from the necessity of obtaining com; 
hour samples from both breasts if misleading measutemen 
be avoid^ But since this is seldom done, comparisons I 
ini/4 aoa/yses reporteo' fa the heentt/re niusc he nf^<fe s 
utmost caution. 

The composition of breast milk is described in detail by 
Macv and KELLr* and LivczEt*. Data have also been pi 
by the Gammittee on Nutrition of the American Acac 
Pediatrics'** 
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(For other data see pages 682-685) 



Mean 

95% range 
(extreme range 
in brackets) 

■ 

Refer- 

ence 

iber (miUions/ml) 






106.6 

0-256 

74.5 

t 



(28-225) 


2 

matocrit (ml sperma- 





:oa/l semen) 

~10 



4 

trophoretic mobility 





)"“ cm- s~i V-‘) 

“ 

(6.1-8.7) 


S 

Uty 





tro (s mm-‘) 

- 

(40-50) 

- 

e 

tro (mm min-t). 

- 

(0.3-0.6) 

- 

7 

VO (mm min~r) 


(1. 3-2.6) 


7 

matozoal forms (%) 






89.8 

(66-99) 

- 

a 

•ling 

3.6 

(0-24) 

- 

a 

id 

1.6 

(0-9) 

- 

a 

licate 

1.8 

(0-11) 

- 

a 

It and pinhead 

0.6 

(0-8) 

- 

a 

irphous 

2.1 

(0-12) 

- 

a 

matozoal dimensions 





?ht (pg) 

37 


- 

3 

3 

:ngth (txm) 

4.4 

(3.3-6.2) 

_ 

9 

idth (pm) 

3.2 

- 

- 

9 

lickncss (pm) 

2.0 

- 

- 

3 

alume (pm’) 

6.4 

- 

- 

9 

die piece 

;ngth (pm) 

4.0 


_ 

S 

iameter(pm) 

1.0 

- 

- 

9 

jlurae (pm’) 

3.1 

- 

- 

9 

;ngth (pm) 

- 

(40-60) 

- 

9 

iameter (pm) 

- 

(0.4-0.7) 

- 

9 

olume (pm’) 

- 

(4.5-6.8) 

- 

9 

piece 

••ngth (pm) 

_ 

(6-10) 

- 

" 1 

iameter (pm) 

0.2 

- 


s i 

alumc (pm’) 

0.16 


“ 

^ 1 

! 


Remarks 


(a) 1000 measurements. The spennatozoal concentration may vary widely in 
the same individual and is depressed particularly by emotional excitement and 
physical effort. In some cases long continence also lowers the concentration 
(but increases the proportion of abnormal forms), as docs too high a testicular 
temperature (cause of testicubr degeneration in ciypforchism). Seasonal vari- 
ations have also been observed (diminished spcrmatozoal concentration during 
the warm months) but are not statistically significant. There is no absolute cor- 
relation between spcrmatozoal concentration and fertiUty or infertility, but in 
general the spcrmatozoal content of the ejaculate is lower in infertile men. To 
this may be added an absolute reduction in the number of spermatozoa due to 
a smaller volume of the ejaculate, or a dilution of the spermatozoa when, the 
volume of the ejaculate is excessive. The minimum spcrmatozoal concentra- 
tion for a fertile semen is regarded as 20-25 million/ml^. 


At pH 7.8 and 20 ®C The spermatozoa migrate to the anode. 


Normokinetic spermatozoa maintain their motility even 12 hours after ejac- 
ulation^. In the female genital tract motility is probably maintained for 48 
hours. Spermatozoa can be classified according to their motility as follows ^ ^ : 
1. Nonmotile (dead), 15%; 2. only slightly motile, 15%; 3. moderately and 
4. very motile, together at least 75%. A fertile semen should contain at least 
40-60% of normally motile spermatozoa^. 


A fertile semen should contain at least 60% of morphologically normal sper- 
matozoa and not more than 10% of spcrmiocytogcnic ccUs^. 


Diagram of the human spermatozoon'^ 
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Inner acrosomal ionc J 
Nuclear membrane 
Nucleus 

Post-nuclear cap 
Ccntrioic 
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Iilitochondrial sheath 
Plasma membrane 
Ring 



End piece 
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® Sii.I-6-Seidl, G., Fartuhr. CtHrtth. Ct-ak., IS, 1 (1963). 

^ Cts.Mits Ponce and BOTELL.^ Llcm 1, Anfi Mtd.exp.f . - 3^. 

^ Hotchkiss. R.S.y Ffrttiitr it Me-, Lippincott, rhil-'^clphia. l^-tr, page 1 1/. 
^ VAN DutjN, C,/,r3t.»v:rr,J'jf.,77. 12 (1957). 

>0 Modified from Man-n. T., Th Bicchtirfn atiof Ft MAt 

tire Traci, Methuen, Lond<?n. 1964, page 20. 

» » WnsM.^N. A.I.. Ncw\ ork, 
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Breast Milk 




Mature milk 


Transitional milk 



Colostrum 







(15 days to 15 months 


(6-10 days 



(first 5 days 



Cow’s milk 




post partum) 



post partum) 



post partum) 
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tai range 
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kcal/1) 

747 

446-1192 

93 

t 
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36 

1 
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r 
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587-876 


1 ; 
i i 

! 

MJ/l) 

3.127 

1.867-4.989 

0.389 

Ed 

3.076 

2.838-3.474 

0.151 

Ed 

2.808 

2.461-3.055 

- 

Ed 

2.934 

2.457-3.66t 

- 

Edj 

jpccific gravity 

1.031 

1.026-1.037 

0.002 

1 

1.035 

1.034-1.036 

- 

1 

1.034 

- 

- 

38 

1.031 

1.028-1.03: 

- 

" i 

jH 

7.01 

6.4-7.6 

- 

4 

- 

- 

- 

- 

- 

- 

- 

- 

6.6 

- 

i - 

s ' 

>otidSf total (g/1) 

129 

103-175 

11 

1 

133 

105-156 

8 

1 

128 

100-167 

13 

1 

124 

119-142 

- 

3 

Kshf total (g/l) 

2.02 

1.6-2.66 

0.18 

1 

2.67 

2.31-3.38 

0.32 

1 

3.08 

2.47-3.50 

- 

1 

7.15 

6.81-7.71 

- 

e 

Minerals 

















'a) Electropositive elements 
















Ed 


41 

- 

- 

1 

55 

- 

- 

1 

68 

- 

- 


149 

- 


Sodium (g/l) 

0.172 

0.064-0.436 

0.045 

1 

0.294 

0.192-0.539 

0.076 

1 

0.501 

0.265-1.37 

0.28 

1 

0.768 

0.392-1.39 


7 

0.189 

0.080-0.350 

0.066 

3a 

0.536 

0.170-1.21 

0.271 

33 

0.956 

0.330-2.24 

0.377 

39 

- 

- 

” 

- 

Potassium (g/l) 

0.512 

0.373-0.635 

0.085 

t 

0.636 

0.528-0.769 

0.068 

1 

0.745 

0.658-0.870 

- 

1 

1.43 

0.38-2.87 
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0.425-0.735 

0.070 

33 
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0.450-0.910 
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39 

0.581 
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39 

- 

- 



Calcium (g/l) 

0.344 

0.173-0.609 

0.067 

1 

0.464 

0.23-0.628 

0.095 

1 

0.481 

0.242-0.656 

0.121 

1 

1.37 

0.56-3.61 



0.271 

0.207-0.372 

0.030 

33 

0.320 

0.166-0.42C 

0.045 

39 

0.261 

0.180-0.364 

0.026 

39 

- 

- 

- 

- : 

Magnesium (g/l) .... 

0.035 

0.018-0.057 

0.007 

1 

0.035 

0.026-0.054 

0.006 

1 

0.042 

0.031-0.082 

0.013 

1 

0.13 

0.07-0.22 
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(b) Electronegative elements 
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Phosphorus (g/l) .... 

0.141 
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0.025 
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0.198 
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0.157 
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1 

0.586 

0.435-1.01 



1.08 
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(d) Trace elements 
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0.45 




Cobalt ((jtg/1) 

trace 
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10 
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40 
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** 

1 1 
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0.51 

_ 
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11 
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- 

” i 

Manganese (mg/l) , . . 

trace 

- 


12 

trace 

- 

- 

13 

trace 
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0.061 
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0.005-0.06' 

1 

i 

Protein 










1 



; 




Total (g/l) 

10.6 

7.3-20 
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Pregnancy 


Weight gain In pregnancy (per 4-\vcck period) ' 


4-wcck period 
of prcgnnncy 

USA 

(940-7 

lb 

England 

19577 

Ib kg 

India 
1959^^ 
lb kg 

Desirable 

gain^ 

Ib kg 

4-wcek period 
of pregnancy 

USA 

19402 

lb kg 

England 
19577 
lb kg 

India 
1959-» 
lb kg 

Dcsirab 
gain* 
lb 1 

12-16 

3.5 

1.6 

3.1 1.4 


2.4 1.1 

29-32 

4.0 

1.8 

3.3 

1.5 

2.0 0.9 

4.4 2. 

17-20 

5.1 

2.3 

4.2 1.9 

2.4 1.1 

2.9 1.3 

33-36 

4.0 

1.8 

3.5 

1.6 

1.8 0.8 

4.4 2. 

21-24 

5.1 

2.3 

4.6 2.1 

3.3 1.5 

3.3 1.5 

37-40 

3.3 

1.5 

3.3 

1.5 

0.7 0.3 

2.6 1. 

25-28 

4.6 

2.1 

4.2 1.9 

2.0 0.9 

4.2 1.9 










' For otlicr values see Hvtdcn and Leitcii, ThtPhsiiilegeJ HittnanPriptmcy, 
Blackwell, Oxford, 1964, page 214. 

Standee and Pastore, Amir.J.Obiul. Gyntc., 39. 928 (1940) (2324 sub- 
/ccts). 

a Thomson and Bileewicz, Brit.md.J., 1 , 243 (1957) (2868 subjects). 


•* VENKATACHALASf et al., IfiJinn J.mid.Rti., 48, 511 (1960) (130 subjeetsj 
® HUter et al., Gtburlsh.ii.Fraiinkiilh., 25, 385 (1965). According to thes 
workers, the gain in weight in healthy women (overall mean 10.2 kg) i 
independent of age, body size and parity. 


Weight gain in pregnancy (per week) from a study on primigravidae made in the Aberdeen Maternity Hospital between 1950 and 195 
{P “ percentile) 






80% 



Weeks of pregnancy 

Number 

P.o 

P.s 

50% 

^ so 

P,s 




lb kg 

lb kg 

lb kg 

lb kg 

lb kg 

13-20 

2868 

0.42 0.19 

0.64 0.29 

0.93 0.42 

1.19 0.54 

1.45 D.6t 

20-30 

2868 

0.60 0.27 

0.90 0.41 

1.06 0.48 

1.32 0.60 

1.59 0.7 

30-36 

2868 

0.35 0.16 

0.62 0.28 

0.93 0.42 

1.28 0.58 

1.59 0.7, 

36^0 

2868 

0.04 0.02 

0.42 0.19 

0.82 0.37 

1.24 0.56 

1.43 D.6i 

20-tetm (39, 40 or 41 weeks)* 

486 

0.31 0.14 

0.75 0.34 

0.97 0.44 

1.24 0.56 

1.50 0.6i 


* Group aged 20-29 years, healthy, no major clinical abnormality. ' Httten and Leitch, The Physhhff c / Hamm Prelacy, Blackwell, Oxford, 

1964, page 214; Httten, F.E., personal communication. 


Analysis of weight gain in pregnancy (some values are estimates) ’ 


Weeks of pregnancy 
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fluid 
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5 

20 

30 

135 

34 

100 

0 

4000 

300 

170 

250 

585 

180 

600 

0 

8500 

1500 

430 

600 

810 

360 

1300 

0 

12500 

3300 

650 

800 

900 

405 

1250 

1200 

35 

0.3 

2 

0 

23 

9 


0 


210 

27 

16 

0.5 

100 

36 


30 

- 

535 

, 160 

60 

2 

139 

72 

j 102 

- 

910 

435 

100 

3 

154 

81 

j 137 


367 

Insig- 

nificant 

Insig- 

nificant 

1 i 

■ ) 

0.5 

1.4 

0.4 

- 


1930 

2 

1 

- ( 

2.3 

5.4 

3.9 

- 


3613 

80 

3 

i 

3.2 

10.8 

17.4 

- 

— 

4464 

430 

4 


3.6 

12.2 

19.6 1 

t 


7000 

2343 

540 

792 

743 

304 

1 

920 

163 

1195 

5165 

1360 

260 

792 

490 

148 

920 

' 0 

1195 ; 

1835 

983 

280 

0 

253 

156 

0 , 

163 

0 

850 

1 

280 

1 

i 

57 

100 

78 

35 

140 

5 

155 i 

i 

316 

154 

42 

1 

3 

49 

35 

4 

24 

5 : 

29.6 

28.0 

1 0.65 

Insig- 

nificant 

0.22 

0.06 1 

j 

i_ 

0.12 1 

j 

0.33 

0.15 j 

—i 


Total weight gain (g) 

10 

20 

30 

40 


Protein storage (g) 

10 

20 

30 

40 


Fat storage (g) 

10 

20 

30 

40 

Gain in water (ml) 

40 

Gain in extracellular water (ml) 

40 

Gain in intracellular water (ml) 
40 


Sodium storage (raEq) 
40 


Potassium storage (mEq) 
40 


Calcium storage (g) 
40 
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17 

J3J 

17 

5.9 

0.9S 

8.9 


14.1 

2.4 

36 

(X8S 

6.2 

0,74 

tweroen (weeks) 















15 

32.6 

2.9 

6.9 

IJ 

94 

10 

16.1 

Z7 

3,9 

a7 

5,9 



23 

30.1 

32 

70 

1.3 

100 

1.8 

15.5 

2.3 

4.S 

(V7 

5.7 




23,7 

39 

7,6 


9.6 

19 

15.2 

2.8 

4.3 

0.8 




16 

253 

2.8 

7.R 

1,5 

10 8 

1.7 

13.7 

:.(] 

4.8 

1,0 




22 

259 

30 

7.4 

1.2 

110 

1 5 

14.7 

2.7 

5.1 

1.2 

8,1 



22 

233 

2.6 

71 

1 1 

10.6 

1.4 

14.4 

2.4 

45 

0,9 




13 

24 6 

2.7 

65 

1.0 

II.O 

1.6 

13.3 

36 

46 

10 

8.8 



IS 

22.9 

2.8 


10 

106 

iS 

13.7 

l.S 

.5 0 





20 

135 

30 

7.5 

10 

lU 

1.5 

141 

2.4 

5.5 





24 

230 

2.2 

7.7 

1.1 

11.9 

1.5 

14 1 

23 

82 





21 

237 

2.8 

7J 

1.1 

no 

I 4 

140 

20 

.5.8 





18 

24 0 

33 

74 

10 

120 

16 

136 

2.8 

8.8 


9,9 

1.4 


15 

21.6 

25 

71 

10 

101 

1.7 

14.1 

20 

50 


6.6 

1.1 

> hours 

36 

203 

32 

7.3 

1.0 

10 4 

1.6 

133 

30 

5.8 


Ihoure 

26 

21 0 

29 

74 

IJl 

10.5 


13.9 

22 

5,9 



1,1 

1,0 

1 houn 

16 

22.1 

Z5 

77 

1.1 

10 8 

14 

123 

.1.8 

5,7 



urs to 6)s days . . . 

40 

22.9 

33 

85 

1.7 

11.6 

1.5 

15.3 

3.4 

6.1 




52 

25 2 

29 

91 

13 

121 



2.9 

60 



1.7 

M 

1.1 


10 

26 2 

17 

90 

21 

116 


17.1 

,V6 

60 



Idajs..., 

oet $l,AmrJ0t)UI C 

13 

^'.84. 

33 3 

20 (IMJ) 

30 

66 


91 


17,8 

3.7 

3.8 

08 

66 


ituc* In pregnancy' 



PUtma eolume 
(ml) 

Eryih/ocyt* 

(ml) 

gnant women ! 

1 

2600 

1400 

)t women (weeks) 




3150 

1450 


3750 

1550 


3830 

1600 


3600 

1650 


Teal ^lood 
*((110* 


Po>l|r haffluiocrii 
(ml/l) 


4000 1 ISO 


4400 , JI5 
5200 298 
5430 205 
5250 315 


at tfld UnCH. 74* Fijiltitp tj lUmt* Pny-o/. BIj<»wtll. Oifofd. IW.p«g«2« 


hitmiiQttli 

('"!/!) 
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I weight of the embryo and foetui ' 




ki 

kf 

kf 

ki 

kt 

kt 

k« 


C/QWfl Crown di**nrccf 

Wf rumja <o brri of 

Iroe’h kfirh rhormiK 

(mm) »*r 


»)!• - OJ 

02« - 3 

2 '> 10 
5 0 - 20 

eO - 25 

120 - 30 

|7f» Xlh 40 

2J0 yio 50 


Werget 

U» 


rawul •<« 



002 


12 week* • •• 

15 wTCke 

20wecli ••• •• 

24 WTtki 

23we«ka 

>4 weee* - • • 

Fc2Rm(39wteki) 


^0 I 3J5» 
^•0 • 400/) 

3130 ' 4540 
350 0 . if/,;, 
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Normal Body Measurements During Growth 


Intrauterine growth* 


Number 



80% 


80% 


50% 

1 r» 

Weeks of M . r ■ ■ 

pregnancy Number 

50% 


1 ■'» 

F.a 1 

! 1 


Males : Weight (kg) ' 


Males and females: Length (cm)^ 


11 

0.490 

15 

0.600 

25 

0.700 

34 

0.790 

54 

0.870 

63 

0.945 

48 

1.025 

59 

1.125 

58 

1.250 

56 

1.400 

71 

1.550 

84 

1.730 

84 

1.960 

184 

2.220 

282 

2.405 

506 

2.540 

588 

2.630 

320 

2.660 

172 

2.630 


Females: Weight (kg) 


As 

j P„ 

)' 

0.980 

j 1.250 

1.050 

I 1.295 

1.125 

j 1.350 

1.210 

1 1.420 

1.320 

j 1.530 

1,455 

1.690 

1.600 

1.880 

1,760 

2.100 

1.970 

2.330 

2,275 

2.620 

2,555 

2.920 

2.795 

3.160 

2.980 

3.335 

3.120 

3.450 1 

3.235 

3.545 ■ 

3.340 

3.640 ! 

3.440 

3.720 ; 

3.520 

3.795 ■ 

3.550 

3.840 


Males and females : Head circumference (cm) ^ 















Normal Measurements During Growth - Birth to 6 Months’ 

Weight in pounds and hhsrammtf, other nwaeiweinenB in inches and ttnUmtins {P = petcentiie) 



57 62 68|7.5 82i86 88 

260 2S0 ).m $40 $70] $90] 40t 

185 19.3 193 199 20 5 207 209 
470 490 490 ]S0S 52 0 \52S ]S$0 

7 5 7 9 82 I 89 9.5 101 1 10 4 

$42 $J7 $ 72 404 429] 45i] 4 7$ 

205 1207 I209 21 5 ( 22 0 [224 [224 
[52 0 ]52.5 ]$$2 545 ]S5g ]56S ]S70 

13 3 13 4 113 8 14 2 14 4 114 6 1 14 8 

\$$7 \$40 \ 35 0 360 $65 370 [$77 

13 9 14 2 14 4 ' 14 8 15 0 15 4 15 4 

\35.3 \360 \365 375 3!0 390 \$90 

1 94 1 98 |l04 ,11 0 11 8 124 ll2S 

' 427] 44$] 4TJ 49$ 5.34 5 64 \ 569 
219 l 22 0 1 22 4 ' 22 8 23 2 23 4 1 238 
$55 $60 570 5S0 59 0 59 5 604 

'14 0 14 4 1 14 6 15 0 15 4 115 6 15 7 

$5.5 $6$ \$70 JSO \390 \$95 400 

,148 150 aS2 154 157 159 160 

$75 3S0 \$$$ $90 \400 \405 407 

1114 119 1126 132 U39 147 152 I 

540 5 75 6OOI 652 666 690l 
23 0 23 2 ' 23 8 24 0 '24 6 249 250 ' 

55 5 $90 '60$ 61 0 62 5 6)2 6)6 

1 15 0 15 2 15 6 15 9 1,16 1 15 3 16 5 

JSO $$$ 395 405 \410 '415 \420 
t 154 156 157 159 163 165 ',167 

$90 $9$ 40 0 40 $ 415 '.42 0 425 
S 15 0 15 2 15 6 (61 16 2 16 5 16 5 

>J0 $S6 $97 410 412 '.42 0 420 


5 12 8 13 0 14 0 15 1 15 9 1 16 5 171 

5S2 $91 6$) 6S4 72$\ 749 777 
3 23 7 24 1 25 0 25 4 25 8 ! 26 1 26 4 

60/ 6/5 65 J b4 5 6)5 \66$ 670 

4) IS6 157 16 1 165 169 ,171 173 

40 0 41 0 42 0 4) 0 45 5 440 

*} 157 159 16 1 163 167 ,169 171 

40 0 40 5 41 0 41 5 42 5 '4)0 4)5 

61 136 144 152 162 17 4 ,177 183 . 

6 1V 0 52 6 91 7 )7 7 90 $04 $29 

bl 246 250 259 26 2 26 6 271 272 

625 6) 5 655 66 5 675 '659 690 

^9 16 1 163 166 17 1 17 3 176 177 

40V 415 42 2 4)5 44 0 44 6 450 

‘‘7 16 1 16 1 165 169 17 1 173 175 

41 0 41 0 42 0 4) 0 4)5 44 0 445 

73 14 9 15 4 16 5 179 187 19 3 198 

6 ’4 700 745 $12 $49 $77 $9$ 

7) 25 2 25 6 26 4 27 0 27 4 281 28 2 

64 1 6$> 671 6$5 69) 71.J ' 7t g 

73 16 5 157 17 1 17 5 177 18 1 183 

41.3 425 ,4) 5 445 45 0 460 465 

73 16 5 167 169 17 1 17 5 '17.7 179 

4! S 4’ 3 , 430 45 5 44 5 45 D '145 5 

24 165 167 ,169 173 177 181 *181 
420 4’ 4 143 0 ' 44 0 4) 0 46 0 \ 460 


Uftgth 
Sitting height 


121 58 60 65 71 78 87 90 

264 2 70 295 520' $5$ $96' 40C 
118 185 185 192 195 20 1 20 5 209 

47.0 47.0 4$.7 495 51 0 520 5)0 

48 74 76 80 85 90 97 99 

336 3 44 3 63 3 S6 40$ 4 42 450 

49 200 202 207 209 21 5 21 9 223 

50 7 51 4 52 5 53 2 54 5 55 5 56 7 

42 13 0 13 2 13 5 13 8 14 2 14 5 ,14 9 

33 0 33 5 342 $5 0 $60 369 $79 

44 13 5 13 9 14 2 144 , 146 15 0 15 1 

342 35$ 36 0 35 5 37 0 3$ 1 $$ 4 

57 9 0 9 2 9 9 105 111 117 121 

407 4.19 4 4$ 475 5 02 531 $50 

56 21 2 215 22 0 22 2 22 6 23 0 23 4 

539 545 56 0 56 5 57 5 5$ 5 593 

50 13 9 14 0 14 4 14 8 15 0 15 2 15 4 

352 $55 $65 375 $S0 \3S5 $90 

53 14 3 14 6 14 8 15 2 15 4 15 6 ,15? 

$6$ $70 $7$ 3S5 $90 \^$9S \40Q 

60 10 6 10 8 ills 12 2 1 131 1 13 7 1 14 2 
480 489 $20 $53] 595] 62$^ 646 

58 22 6 22 8 23 0 23 4 l23S'243 248 | 

57 4 5i0 5$5 595 ,605 ,616 6$0 

55 U8 148 152 154 157 1159 162 1 

$75 375 38J 390 \400 ]405 41 1 1 

55 150 130 154 157 1159 '161 162 

$8 0 38 2 39 0 400 \405 '410 <412 \ 

16 147 150 152 157 139 |161 1162 1 

$74 $8 0 38 $ 400 \405 \4I.0 ' 41 2 

' 58 Ills 119 127 138 15 1 ^57 !l64 1 

I 522' 542 577 624 685\ ?13\ 74$ 

58 , 23 4 ' 23 6 23 8 24 4 25 0 ! 25 4 25 4 

595 ' 60 0 60 5 62 0 63 5 < 64 5 646 

56 150 ,154 157 159 163 ll65 ,166 

$i0 , 39 0 40 0 40 5 415 ',420 [42 1 

5i .15 4 15.4 15.7 16 1 16 4 116 7 16 9 ' 

$90 3-)2 4Q0 410 416 l 42 5 l4$0 

' ! 

^ "*3 15 4 16 3 17,0 17 3 1 

/I S‘^^\ ^50 7.00 740 77! 7$5\ 

252 25 8 262 264 ' 

59.159 ten <^4 0 65 5 66 5 67 0 ' 

'2.. 1 16.5 167 17 1 173 

, \42 0 42 5 4) 0 44 0 

i " 

, 1 « uilUliiiiii’, i-\ «i 
\ - ’ix i'vi? 


... ,..o 1- i- 
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Normal Measurements During Growth - 7 Months to 12 Months' 

Weight in pounds and kilogrammes-, other measurements in inches and ceniimetres (Z’ ■= percentile) 


Num- 

ber 


SO 

49 

48 

48 

20 

59 

59 

57 

56 

19 


66 

66 

63 

65 

24 

36 

36 

34 

36 





Boys 




Girls 




90% 









90% 


— 







80% 





Mum- 




80% 








50% 





her 




50% 


1 



/’oj 

K 

Pt% 

1 

Z’„ 

Z’,0 

A. 



■^05 

P JO 

Pzi 

1 Ao 


P ID 









7 months 







1 


1 

1 

15.9 

16.3 

17.3 

18.4 

19.5 

19.9 

20.2 

Weight 

47 

14.8 

15.1 

16.0 

17.4 

18.3 

19.5 

I20.I 

7^19 

7.-// 

7*80 

5.56 

5.55 

9.02 

9.15 



6.72 

6.57 

7.28 

’ 7.8/ 

' 8.51 

8.86\ 

i P.13 

25.7 

26.2 

27.0 

27.6 

28.0 

28.3 

28.8 

Length 

47 

25.6 

25.8 

26.2 

26.8 

27.4 

27.8 


28.0 

65.2 

66.5 

68.7 

70.0 

71.0 

72.0 

75.2 



65.1 

65.5 

66.5 

65.0 

69.5 

70.5 


71.0 

16.9 

17.1 

17.5 

17.7 

18.1 

18.5 

18.6 

Sitting height 

46 

16.6 

16.9 

17.1 

17.3 

17.7 

18.0 


18.4 

45.0 

45.5 

44.5 

45.0 

46.0 

47.0 

47.5 



42.1 

42.8 

45.5 

44.0 

45.0 

45.7 


46.8 

16.7 

16.9 

17.1 

17.3 

17.7 

18.0 

18.1 

Head circ. 

46 

16.3 

16.5 

16.9 

17.1 

17.5 

17.7 


17.8 

42.5 

42.P 

45.5 

44.0 

45.0 

45.6 

46.0 



41.5 

42.0 

45.0 

45.5 

44.5 

45.0 

1 

45.5 

16.5 

16.7 

16.9 

17.3 

17.7 

18.1 

18.1 

Chest circ. 

16 

15.7 

16.1 

16.7 

17.3 

17.7 

17.7 

i 

17.8 

42.0 

42.5 

45.0 

44.0 

45.0 

46.0 

46.0 



59.5 

41.0 

42.5 

44.0 

45.0 

45.0 

1 

1 

45.2 








8 months 








I 


16.8 

17.8 

18.4 

19.8 

20.7 

21.3 

21.8 

Weight 

56 

15.7 

15.8 

16.7 

18.2 

19.4 

120.5 

j 

21.5 

7.65 

8.06 

8.55 

5.97 

9.57 

9.66 

9.55 



7.10 

7.16 

7.56 

5.24 

5.75 

9.50' 

9.74 

26.3 

26.8 

27.8 

28.1 

28.6 

29.1 

29.3 

Length 

55 

26.2 

26.4 

26.8 

27.4 

28.0 

128.4 

28.7 

66.P 

68.0 

70.5 

71.5 

72.6 

74.0 

74.5 



66.5 

67.0 

65.0 

69.5 

7/.0 

722 

! 75.0 

17.1 

17.3 

17.7 

18.1 

18.5 

18.7 

18.9 

Sitting height 

55 

16.9 

17.1 

17.5 

17.7 

18.1 

18.4 

118.5 1 

45.4 

44.0 

45.0 

46.0 

47.0 

47.5 

45.0 



42.5 

45.5 

44.5 

45.0 

46.0 

46.7 

147.0 

16.9 

16.9 

17.5 

17.7 

18.1 

18.3 

18.3 

Head circ. 

55 

16.5 

16.8 

17.1 

17.5 

17.7 

18.1 

,18.1 

45.0 

45.0 

44.5 

45.0 

46.0 

46.5 

46.5 



42.0 

42.7 

45.5 1 

44.5 

45.0 

46.0 

146.0 ! 

16.9 

16.9 

17.3 

17.7 

18.1 

18.3 

18,5 

Chest circ. 

20 

16.7 

16.7 

16.9 

17.7 

18.1 

18.5 

|18.7 j 

42.8 

45.0 

44.0 

45.0 

46.0 

46.5 

46.9 



42.5 

42.5 

45.0 

45.0 

46.0 

47.0 

147.5 








9 months 









! 

17.6 

18.3 

19.2 

20.7 

21.6 

22.8 

22.9 

Weight ! 

72 

16.1 

16.8 

17.4 

18.9 

20.3 

21.4 

’21.8 ! 

8.00 

8.50 

8.71 

9,57 

9.52 

10.56 

/0.40 

1 


7.50 

7.62 

7.90 

5.55 

9.25 

P.71 

9.55 

27.1 

28.0 

28.3 

28.7 

29.1 

29.5 

29.8 

Length j 

72 

26.7 

27.0 : 

27.4 

28.0 

28.3 

28.9 

29.1 ; 

68.8 

71.0 

72.0 

75.0 

74.0 

75.0 

75.5 

1 


67.9 

65.6 1 

69.5 

7/.0 

72.0 

75.5 

174.0 ; 

17.5 

17.7 

18.1 

18.3 

18.7 

19.0 

19.3 

Sitting height 

72 

17.0 

17.3 117.7 

17.9 

18.3 

1S.5 j 

18.8 j 

44.5 

45.0 

46.0 

46.5 

47.5 

45.5 

49.0 

1 


45.5 ' 

44.0 145.0 ! 

45.5 

46.5 ■ 

47.0 

47.7 ! 

17.3 

17.3 

17.7 

18.1 

18.3 

18.5 

18.7 

Head cite. 1 

72 

16.9 

16.9 1 

17.3 1 

17.7 

17.9 

18.1 i 

18.3 ; 

44.0 

44.0 

45.0 

46.0 

46.5 

47.0 

47.5 



12.8 ■ 

45.0 

14.0 145.0 • 

45.5 ■ 

46.0 i 

•fsj ; 

17.2 

17.3 

17.3 

17.9 

18.5 

18.5 

18.8 

Chest cite. j 

26 j 

16.7 : 

16.9 1 

7.3 : 

17.7 !; 

IS.2 |] 

13.6 

is.s ; 

45.6 

44.0 

44.0 

45.5 

47.0 

47.0 

47.5 

i 


12.5 ■ 

15.0 -i 

i‘ 

) ' 

46.2 h 

{7 2 

1 

47.5 1 








10 months | 

i 




! 

i 

j 


! 

17.6 

18.3 

19.5 

20.7 

21.6 

22.9 

23.5 

Weight 1 

36 16.8 I 1 

7.3 /‘18.3 'l9.3 jl 

>0.4 ’21.8 1 

22.2 i 

8.00 

8.50 

5.55 

9.40 

9.52 

10.4/ 

10.66 

j 

1 

7.60 > 

7.54 i 

5.50 I 

5.741 

9.25 1 

9.90i 

10.07 1 

27.5 

28.0 

28.5 

28.9 

29.3 

30.1 

30.4 

Length 

36 27.0 2 

:7.2 '27.8 '28.3 2 

!8.7 ,29.1 

29.4 : 

6 P.P 

71.0 

72.5 

75.5 

74.5 

76.4 

77./ 


65.5 6 

:9./ i 70.5 1 ; 

7.0 ! / 

’5.0 ' 74.0 . /4./ ; 

17.7 

17.7 

18.1 

18.3 

18.7 

19.1 

19.3 

Sitting height ' 

36 17.2 17.4 ; 17.7 1 1 

8.1 , 18.5 18.6 

IS.9 ’ 

45.0 

45.0 

46.0 

46.5 

47.5 

45,5 :■ 

49.0 


45.8 ,44.5 .45.0 \4 

'6.0 47.0 47.2 ■ 

45.0 ; 

17.3 

17.3 

17.7 

18.1 

18.5 

18.5 

18.8 I 

Head circ. 

34 16.9 16.9 ! 17.3 1 

7.7 , 18.0 , 18.1 

1S.3 ! 

44.0 

44.0 

45.0 

46.0 

47.0 

i 

47.5 { 

1 

45.0 '45.0 \44.0 4 



II months 


28 

28 

28 

27 


18.7 

S.50 

28.1 

71.3 
17.9 

45.4 

17.5 

44.5 


19.5 
8.86 

28.9 

75.5 
18.1 

46.0 
17.7 

45.0 


20.7 

P.57 

29.1 

74.0 

18.3 

46.5 
17.9 

45.5 


22.0 

23.1 

23.5 

’23.9 

10.00 

/0,46 

10.64 

! /0.56 

29.7 

29.9 

30.4 

'30.6 

75.5 

76.0 

\77.l i 

77.5 ; 

18.7 

18.9 

’19.3 1 

19.5 i 

47.5 

45.0 

49.0 1 

49.6 i 

18.5 

18.7 

18.9 j 

18.9 ; 

47.0 

47.5 

45.0 

45.0 


Weight 
Length 
Sitting height 
Head circ. 


34 

1 17.1 

' 17.6 

18.6 

20.2 

22.0 

)23.3 

24.0 


7.77 

’ 5.00 

5.45 

: 9./4 

9.99 i /0.59 

10.P0 

34 

27.8 

'27.9 

28.1 

: 28.9 

29.4 

29.7 

30.2 


. 70.5 

: 70.5 

7/.5 

i 75.5 

74.7 

j 75.5 

76.6 

33 

! 17.4 

' 17.6 

18.0 

i 18.4 

18.7 

: 19.0 

19.2 


,44.5 

144.6 

45.6 

'.46.7 

47.5 

‘48.1 

4S.8 

33 

1 17.2 

, 17.3 

17.5 

1 17.9 

18.1 

i 18.5 

18.5 


45.8 

44.0 

44.5 

1 4.55 

46.0 

: 46.9 

47./ 



20.2 

P.I7 

28.9 

75.4 
18.3 

46.5 

17.7 
45.0 

17.6 

44.8 


21.1 

P.57 

29.5 

75.0 
18.7 

47.5 

18.1 

46.0 

18.1 
46.0 



25.0 ! 
11.56] 
31.3 
7P.5 

20.1 

51.1 

19.1 

48.5 

19.6 
4 P.7 


12 months 
Weight 

Length 

Sitting height 

Hc.id circ. 

Chest circ. 


73 I 18.1 i 18.5 j 19.5 21.0 

I 8.22 \ 8.86 P.5 1 


72 :2S,0 |2S.3 j28.: 

1 71.0 I 72.0 I 75.0 

71 i 17.5 I 17.7 i 18,2 
\44.5 145.0 !46.5 

72 j 17.2 17.5 i 17.7 

145.8 \44.5 \45.0 

31 116.7 ,17.3 117.8 


\42.5 \44.0 .45.5 


, I 


j 29.4 
i 74.7 
I 18,7 
47.5 

I 18.1 

I 46.0 
18,1 
46.0 


22.1 
' 10.04 
;29.9 

76.0 
; 18.9 
: 48.0 

1,8.3 
; 46.5 
18.5 

47.1 


: 24.4 
‘ 11.05 
! 30.3 
, 77.0 
: 19.3 
i 4S.P i 
' 18,5 ‘ 
I47.0 
1S.7 ■ 
47.5 


ve, (.irk mostly of Gct man-Swiss descent. - 


25.0 
r/.5’ 

30.5 
77. f 
IPS 

49.5 
18.7 

47.5 

19.0 ‘ 
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Normal Measurements During Growth - 15 Months to 2 Years 

VC’eight in pounds and kilasramma, other measurements in inches and Hnlimeirtt (P -percentile) 



' rntmncirarcmcnn 'Ihiimromcr*, I ,11,1, ^d,,i Ail, 19 «i,p.r%I n r- 

s-,™n.ndon 3« bnv.^ -”1 2150 
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Normal Measurements During Growth -2% Years to 3% Years’ 

Weight in pounds and kilogrammes-, other measurements in inches and centimetres (P = percentile) 


Boys 


95% 


A.i 


80 % 


505. 

An 


20.5 

23.8 

26.7 

29.8 

32.8 

35.7 

39.C 

1 4.7 

9.5 

10.8 

12.1 

15.5 

14.9 

16.2 

' 17.; 

' 2.1i 

33.1 

34.3 

35.2 

36.4 

37.5 

38.5 

39.C 

I 1.7 

84.1 

87.0 

89.5 

92.4 

95.5 

97.8 

' 100.; 

' 4.2 

19.6 

20.3 

20.9 

21.6 

22.3 

23,0 

23.6 

; 1.0 

49.8 

51.5 

55.1 

54.9 

56.7 

58.5 

60.0 

' 2.6 

5,2 

6.1 

7.0 

8.0 

8.9 

9,8 

10.7 

1.4 

15.1 

15.5 

17.7 

20.2 

22.7 

24.9 

27.5 

5.6 

4.5 

5.4 

6.1 

7.0 

7.9 

8.6 

9.5 

1.3 

11.5 

15.7 

15.6 

17.8 

20.0 

21.9 

24.1 

5.2 

18.4 

18.8 

19.1 

19.5 

19.9 

20.2 

20.6 

0.6 

46.S 

47.8 

48.6 

49.6 

50.6 

51.4 

52.1t 

1.4 

17.9 

18.5 

19.1 

19.8 

20.4 

21.0 

21.7 

0.9 

45.4 

47.1 

48.6 

50.2 

51.8 

55.5 

55.0 

2.4 

5.2 

5.5 

5.8 

6.1 

6.5 

6.8 

7.1 

0.5 

15.2 

14.0 

14.8 

15.6 

16.4 

17.2 

18.0 

1.2 

1.7 

2.5 

3.2 

4.0 

4.8 

5.6 

6.3 

1.2 

4.5 

6.5 

8.2 

10.2 

12.2 

14.1 

16.1 

5.0 

6.1 

6.7 

7.1 

7.7 

8.2 

8.7 

9,3 

0.8 

15.5' 

16,9 

! 

18.1 

19.5 

20.9 

22.1 

25.5 

2.0 

23.1 

26.2 

29.1 

32.2 

35.3 

38.1 

41.2 

4.5 

10.5 

11.9 

15.2 

14.6 

16.0 

17.5 

18.7 

2.06 

34.7 

35.8 

36.8 

37.9 

39.0 

40.0 

41.1 

1.6 

88.2 

91.0 

95.5 

96.5 

99.1 

101.6 

104.4 

4.1 

19.7 

20,5 

21.3 

22.1 

22.9 

23.7 

24.5 

1.2 

50.0 

52.1 

/4.0 

56.1 

58.2 

60.1 

62.2 

5.1 

5.4 

6.4 

7.3 

8.3 

9.3 

10.2 

11.2 

1.5 

15.8 

16.5 

18.6 

21.1 

25.6 

25.9 

28.4 

5.7 

4.4 

5.4 

6.2 

7.1 

8.1 

8.9 

9.8 

1.4 

11.2 

15.6 

r/.7 

18.1 

20.5 

22.6 

25.0 

5.5 

18.5 

18.9 

19.3 

19.6 

20.0 

20.4 

20.7 

0.6 

47.1 

48.1 

48.9 

49.9 

50.9 

51.7 

52.7 

1.4 

17.3 

18,2 

19.1 

20.0 

20.9 

21.8 

22.7 

1.4 

45.9 

46.5 

48.4 

50.8 

55.2 

55.5 

57.7 

5.5 

5.1 

5.5 

5.8 

6.2 

6.6 

6.9 

7.3 

0.6 

12.9 

15.9 

14.7 

15.7 

16.7 

17.5 

18.5 

1.4 

1.7 

2.5 

3.3 

4.1 

4.9 

5.7 

6.5 

1.2 

4.5 

6.4 

8.5 

10.4 

12.5 

14.4 

16.5 

5,1 

6.2 

6.8 

7.3 

7.8 

8.4 

8.9 

9.5 

0.8 

15.7 

17.2 

18..y 

19.9 

21.5 

22.6 

24.1 

2.1 

25.8 

28.9 

31.5 

34.6 

37.7 

40.3 

43.4 

4.5 

11.7 

15.1 

14.5 

15.7 

17.1 

18.5 

19.7 

2.05 

36.1 

37.2 

38.2 

39.4 

40.5 

41.5 

42,6 

1.7 

91.7 

94.6 

97.1 

100.0 

102.9 

105.4 

108.5 

4.2 

19.5 

20.5 

21.5 

22,5 

23.6 

24.5 

25.6 

1.5 

49.5 

52.1 


57.2 

59.9 

62.5 

64.9 

5.9 

5.8 

6.8 

7.6 

8.6 

9.6 

10.5 

11.4 

1.4 

14.8 

17.2 

19.4 

21.9 

24.4 

26.6 

29.0 

5.6 

4.2 

5.2 

6.2 

7.2 

8.3 

9.3 

10.3 

1.5 

10.7 

15.5 

15.7 

18.4 

21.1 

25.5 

26.1 

5.9 

18.7 

19.1 

19.4 

19.8 

20.2 

20.5 

20,9 

0.6 

47.5 

48.5 

49.5 

50.5 

51.5 

52.1 

55.1 


15.2 

17.0 

18.5 

20.2 

22.0 

23.5 

25.2 

2.5 

^8 7 

45.1 

47.0 

51.4 

55.8 

59.7 

64.1 

6.‘^ 

4^ 

5,3 

5.7 

6.2 

6.7 

7.1 

7.6 

0.7 

Ip 9 

15.5 

14.6 

15.8 

17.0 

18.1 

19.4 

1.8 

L8 

2.6 

3.3 

4.2 

5.0 

5.7 

6,6 

1.2 

4? 

6.6 

8.5 

10.6 

12.7 

14.6 

16.71 

3.t 

6.3 

16.0 

6.9 

17.6 

7.4 

18.9 

8.0 

20.4 

8.6 
21.9 j 

9.1 

25.2 

9,8 

24,8 

0.9 

2.2 


Girls 



2)4 years 
Weight 
Height 
Sitting height 
Shoulder width 
Pelvic width 
Head cite. 
Chest circ. 
Upper arm circ. 
Wrist circ. 
Calf circ. 

3 years 
Weight 
Height 
Sitting height 
Shoulder width 
Pelvic width 
Head circ. 
Chest circ. 
Upper arm circ. 
Wrist circ. 

Calf circ. 

3)4 years 

Weight 
Height 
Sitting height 
Shoulder width 
Pelvic width 
Head circ. 
Chest circ. 
Upper arm circ. 
Wrist circ. 

Calf circ. 


21.4 
PJ 

32.6 
S2.P 
18.8 

47.7 

6.2 

15.7 
5.0 

12.7 

17.8 

45.5 

17.5 

44.5 
4.3 
11.0 
1.5 j 
3.P\ 

5.8 
14.7 


19.6 

49.8 

6.9 

17.5 

5.6 

14.5 
18.2 

46.5 
18.2 
46.2 

4.9 
12.4 

2.3 

5.8 

6.4 
16.5 


22.7 
10.5 

34.1 

86.7 
19.4 

49.2 
6.41 

16.2 
5.2 

i 15.1 
I 18.0 

i 45.6 
I 17.9 
I 45.4 


25.8 
11.7 

35.3 

89.6 

20.1 

51.1 
7.0 

17.9 
5.8 

14.7 

18.4 

46.7 
18.6 

47.2 


26.2 

28.9 

31.5 

33.7 

[ 

i 

f 

36,4! 3.7 

11.9 

15.1 

14.5 

15.5 

16.5 

' 1.7 

34.7 

35.8 

36.9 

37.9 

39.0 

1.6 

88.2 

91.0 

95.8 

96.5 

99.1 

1 4.1 

20.4 

21.2 

22.0 

22.8 

23.6 

i 1.2 

51.7 

55.8 

55.9 

57.8 

59.9 

5.1 

7.5 

8.1 

8.8 

9.4 

10.1 

; uo 

19.0 

20.7 

22.4 

25.9 

25.7 

2.5 

6.2 

6.8 

7.4 

8.0 

8.6 

0.9 

15.7 

17.5 

18.9 

20.5 

21.9 

2.5 

18.5 

18.9 

19.3 

19.6 

20.0 

0.6 

47.1 

48.1 

49.1 

49.9 

50.9 

1.4 

18.8 

19.4 

20.0 

20.6 

21.3 

0.9 

47.7 

49.5 

50.9 

52.4 

54.1 

2.4 

5.4 

5.9 

6.5 

6.9 

7.5 

0.8 

15.6 

15.0 

16.4 

17.6 

19.0 

2.0 

3.0 

3.8 

4.6 

5.3 

6.0, 

1.1 

7.6 

9.6 

11.6 

15.4 

15.5 1 

2.9 

6.9 

7.5 

8.1 

8.6 

9.3 ( 

0.9 

17.6 

19.1 

20.6 

21.9 

25.5! 

2.2 

28.4 

31.5 1 

34.6 

37.3 

I 

40.3 1 

4.4 

12.9 

14.5 

15.7 

16.9 

18.5! 

2.0 ! 

36.3 

37.5 

38.6 

39.7 

40.8! 

1.7 ; 

92.5 

95.2 

98.1 

100.8 

105.7,1 

4.5 ' 

20.8 

21.6 

22.4 

23.1 

23.9! 

1.1 . 

52.9 

54.9 

56.9 

58.7 

60.6: 

2.9 : 

7.7 

8.4 

9.1 

9.7 

10.4, 

i.o ; 

19.5 

21.5 

25.1 

24.7! 

26.4,1 

2.6 ; 

6.3, 

7.0 

7.6 

8.1 I 

8.81 

0.9 , 

16.1 j 

17.7 

19.5 

20. 7 1 

22.5 

2.5 , 


18.71 19.1 i 
47.6] 48.6 \ 
19.21 19.8; 
48.7 \ 50.4 i 
5.5 


19.5 

49.6 
20.5 
52.1 


19.9) 20.3; 0.6 

50.5 ' 51.6 \ 1.5 
21.1 ; 21 . 8 : 1.0 

55.6 \ 55.41 2.5 


11.5 

12.8 

14.0 1 15.5 

16.6 

1.5 

2.3 

3.1 

1 3.9 

4.6 

5.9 

5.9 

7.8 9.8 

11.8 

6.2 

6.7 

7.2 ! 7.7 

8.2 

15.8 

17.1 

18.5 j 19.6 

[ 

1 

20.9 

24.0 j 

27.6 : 

30.4 

1 

' 33.7 

f 

37.0 

10.9! 

12.5, 

15.81 15.5 1 

16.8 i 

35.5 i 

36.7 ; 

37.7 

i 38.9 i 

40.1 i 

90.1 ] 

95.1 ! 

95.8 

; 98.8 i 101.8 ' 

19.9 i 

20.6 

21.3 

j 22.0 j 

22.8 

50.5! 

52.4, 

54.1 

56.0 ! 

57.9 ! 


7.3 

8.0 

8.7 1 

9.4'! 

16.9 i 

18.6' 

20.2 

22.0 1 

25.8 

5.4; 

6.0 

6.5 

' 7.1! 

7.7 1 

15.7: 

15.5 

16.6 

18.1 ; 

19.61 

18.3 1 

18.7 

19.0 

19.3; 

19.7 i 

46.5' 

47.41 

48.2 

49.1 1 

50.0' 

18.2 1 

18.9 : 

19.5 

20.2; 

20.91 

46.51 

48.1 , 

49.6 

51.5 1 

55.0, 

4.8 1 

5.3 , 

5.7 

6.1 ; 

6.6 j 

12.21 

15.4 

14.4 

15.6! 

16,8 1 

1.6 i 

2.4 

3.1 

3.9! 

4.7 1 

4.1 \ 

6.1 

.8.0 

10.0; 

12.0! 

6.7, 

7.2 

7.5 

7.9 : 

8.3 

17.1 i 

18.2 , 

19.1 

20.1 • 

21.1 ; 

-■ 




- 

-- ' ' - 


7.0 

5.4 1 
15.71 
8.7 I 
22.1 i 


7.5 j 0.7 
19.11 I.P 
6.2' 1.2 
)5.7 5.0 
9.2, 0.7 
25.4. 1.9 


39.9 
18.1 
41.1 

104.5 

23.5 

59.6 
10.0 

25.4 

8.2 ' 

20.9 \ 
20 . 0 ; 
50.8 : 

21.5 i 

54.5^ 

7.0 ; 
I7.S] 

5.5; 

15.9; 
8.7 i 
22.0 1 


43.4 ' 4.9 
19.7) 2.2 
42.3! 1.7 
107.5, 4.4 


24.2 

61.5 
10.7 

27.1 
8.9 

22.5 

20.4 
51.7'. 

22.2 

56.5 
7.5 

fP.O 
6.3 
15.9 
9.1 ' 
25.1 . 


1.1 

2.5 
i.’o 

2.6 
0.9 
2.2 
0.5 

1.5 
1.0 

2.5 
0.7 
1.7 
1.2 
5.0 
0,6 

1.5 


I HEiMENDiNGcn, ] . , Htlr.pctilial.Aih, 
Switzerland. 


19 suppMl (1964). From measurements iradc in the period 1956 


■1957 on 2150 hop and 2150 pirla in Hide, 



Normal Measurements During Growth -4 Years to 5 Years’ 

W'eight in pounds and other measurements in inches and itntiw/ret (P « percentile) 
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30 9 33.7 36 8 39 9 42 8 45.9 

U0\ IS.) 167 in] 194 90! 

38 5 I 39 6 40 7 41.9 43 0 44 1 


1 


500' 333( 362( 
t)6 ISI 164\ 
38 6 39 8 40 9 I 
9S0 101 I 10) »\ 
20 7 21 6 22 4 
397 S49 370 
70 80 86 

177 20) 2tS 
S6 63 69 

U1 13 9 174 

189 19 3 19 6 
43 0 49 0 49 3 

15 4 17 3 U9 

392 4)9 4)1 


39 2 42 3 I 
I7t', 192 
421' 43 3 
1069 1100 
23 3 24 2 
392 614 


93' 


99 


2)3 252 
75 82 

19 U 20 3 


20 0 20 4 20 7 1 
SOS 31 3 < 526' 
20 7 22 6 24 2 
52 7 57) 6! 5 


22). 24l\ 25 


46 52 5T 63' 

17 t)) 146 16 1 176 1S9\ 205 22 


20 2 8 3 6 


52 59 67 12 


72 91 in 1)1 ISO 
65 72 78 84 91 96 
164 13 3' 19 3 21 4 2) 0 24 5 


170 
102' 
26 0 


4 years 
Weight 
Height 
Sitting height 
Shoulder width 
PeWie Width 
Head circ 
Chest cite. 
Upper aim arc. 
W/ISt MC 
Gilf Cite. 

4H years 
IV'eight 
Height 
Sitting height 
Shoulder width 
Pelvic widih 
Head circ 
Chest ewe 
Upper atm tire 
I Wrist circ 
Calf circ 


47J 

470 


32.2 35 5 33 4 

146 16 l', 174 

39 8 41 0 42 2 

101 1 1CH2 1071 .1 
21 5 22 2 22 9 

f-tf St,4 532 
74 83 89 

13 9 21 2 22 6 

59 66 71 

15! 167 ISO 

189 193 197 

43 0 49 1 50 0 

15 9 17 7 19 3 

40! 4!0 490 

50 55 59 

12 7 14 0 151 

22 50 37 

!6 7! 9) 

6? 74 80 

t'O 1)7 202 


113) 
24 5 
622 


47 8 I 51 1 4 8' 

21 7[ 2)J2 219 
45 7 j 47 0 1 8 

1162\l19) 46 

25 2 ] 25 9 It 
64 0 65 9 2 9 
10 7 I 11 1 09 

273\ 23 1 2) 
88i 94 09 

22)\ 2)9 22 
208| 213 06 
52 9 \ 54 0 1 5 

24 3 I 26 r 2 6 
61 3 \ 66) 6 5 
731 78 07 

13 6 \ 19 9 IS ' 
59 67 II 

»i/| 170 29 

98, 105 09 

249'1 266 24 


5 years 
Weight 
Height 
Sitting height 
Shoulder width 
Pelvic width 
Head circ 
Chest eire 
Upper arm cite 
'hmtarc 
Calf arc 


29 8 33 5 I 36 8 40 3 

DS iS2\ 16 7 13 5 

39 6 40 7 I 41 8 43 0 


47 2 50 9 5 3 
21.4 1 2).f I 2 4 
45,2 1 46 4 I 1 ' 
4.4 

l2 

)f 


45 0 1 
20 4 
439 
111.6 
24 4 
62 0 
104 
264 
83' 
212 
20 4 
513 

555 


2> 
I 0^ 
06 


50 7 

525 

54) 

55 9 

S7jS 

lO 

26 


65 

68 


7.4 

04 

15 

166 

17) 

ISO 

13 3 

t 1 


44 

50 

55 


oO 

96 

11.1 

12 6 

1)9 

15 5 

23 

82 

86 

90 

93 

97 

0*5 

203 

2! 3 

22! 

2)6 

246 

14 

-1957 on 2150 boy* tnj 2150 girli in Bisll. 
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Normal Measurements During Growth -5% Years to 6% Years' 

Weight in pounds and kilogrammes-, other measurements in inches and eentimetres {P ~ percentile) 



37.7 

17.1 

43.1 
109.6 

22.4 

56.9 

8.5 

21.7 

6.5 

16.5 

18.3 

46.4 

19.9 

50.6 
5.8 

14.5 

3.3 

8.3 

7.4 



55.4 

' 57.5 

59.4 

61.5 

63.6 

65.5 

67.6 

Shoulder width 

8.4 

8.9 

9.4 

10.0 

10.5 

11.0 

11.5 


21.3 

22.7 

23.9 

25.3 

26.7 

27.9 

29.3 

Pelvic width 

6.5 

7.0 

7.5 

! 8.0 

8.4 

8.9 

9.4 


16.6 

17.9 

19.0 

20.2 

21.4 

22.5 

23.8 

Head circ. 

18.6 

19.1 

19.5 

20.0 

20.5 

20.9 

21.4 


47.2 

4S.5 

49.6 

1 50.8 

52.0 

53.1 

54.4 

Chest circ. 

18.8 

19.5 

20.2 

21.0 

21.8 

22.5 

23.3 


1 47.7 

49.6 

51.4 

53.4 

55.4 

57.2 \ 

59.1 

Upper arm circ. i 

1 5.8 

6.1 


6.5 

6.8 \ 

7.1 

7.4 

7-7 


14.S 

15. 6\ 

16.4 

17.2 ! 

1S.0 

18.8- 

19.6 

Wrist circ. j 

3.5 

3.8 ' 

4.1 

4.5: 

4.8 

5.2 

5.5 

1 

S.S 

9.7 [ 

10.5 

11. 4\ 

12.3 

13.1 

14.0\ 

Calf circ. j 

7.8 

8.2 1 

8.6 

9.0 : 

9.4 

9.8 

10.3 1 

j 

19.7\ 

20.S ■ 

21. s ; 

22.9 \ 

24.0 \ 

25.0 \ 

26.1 1 

6/4 years 1 

i 



1 


i 

i 

j 

1 

Weight 1 

32.8 

38.1 i 

42.8 1 

48.1 ' 

53.4 i 

58.0 1 

63.3 j 

t 

14.9 

17.3 

J 

19.4 ; 

2!. S' 

24.2 1 

26.3 : 

28.71 

Height 

42.6 

44.1 

1 

45.5 I 

46.9 i 

48.4 i 

49.7 I 

51.21 


10S.3 

112.1 

i 

115.5\ 

119.2] 

122.9 

126.3) 130.1 i 

Sitting height 

22.2 

23.1 

1 

} 

1 

23.8 

24.6 ^ 

25.5 

26.2 . 

27.0 ' 


56.5 

5S.6 

1 

60.5 \ 

62.6] 

64.7 

66.6] 

6.9.7-. 

Shoulder width ; 

8.5 

9.1 

1 

9.6 : 

10.2 , 

10.8 

11.3 , 

12.0 ! 

/ 

1 

21.6 

23.2 

1 

24.5 \ 

26.0 : 

27.5 

28.8 ) 

30.4 1 

Pelvic width , 

6.7 

7.2 

i 

1.6 • 

8.1 ' 

8.6 

9.0 

9.5 1 

j 

17.0 

1S.3\ 

19.4 1 

20.6. 

21.8 

22.9' 

24.2 . 

Head circ. | 

18.4 

19,0 

i 

1 

19.5' 

20.1 ■ 

20.6 

21.1 : 

21.7 : 


46.S 

4S.3 

i 

49.6 i 

51.0'. 

52.4 \ 

53.7' 

55.2 - 

Chest circ. | 

18,8 

19.6 

i 

20.5 i 

21.3 i 

22.2 

23.0 1 

23.9 i 

i 

47.7 

49.9 \ 

52.0 \ 

54.2 \ 

56.4 

58.5 

60.7 '■ 

Upper atm circ. 

5.8 

6.2 


6.5 I 

6.9 1 

7.3 

7.6 . 

8.0! 


14.7 

15.7 


16.51 

17.5 

tS.5 

19.3 ; 

20.3 . 

VI'rist circ. 

3.8 

4.1 j 


4.3! 

4.6 1 

4.8 ! 

5.1 ’ 

5.4 ' 


9.6 

10.3 1 


10.9 : 

lt.6\ 

12.3\ 

12.9' 

13.6 

Calf circ. 

8.0 

8,4 j 


8.8 ! 

9.2 j 

9.6 

lO.O, 

10.5 ' 


20.2 

21.3 \ 


22.3] 

1 

23.4 \ 

24.5 I 

25.5 1 

26.6 


1.6 


7.7 

3.3 
2.2 

1.2 

3.! 

0.9 

2.2 

0.7 

1.8 
0.8 
2.1 

1.3 

3.3 
0.6 

1.4 
0.4 
1.0 
0.6 
1.6 



Normal Measurements DurinO Growth -7 Years to 8 Years’ 

Weight in pounds and kilop'ammti, other meisu*®*****'** ® inches and (tniimint (/* = petcentile) 



Boys 









Girls 







95*. 









95% 







80% 









80% 





Pit 


50% 
Pi. 1 

Pit 

P., 

Pat 



P*» 

P,t 

f.. 

50% 

Pu 

P„ 


, 








7 years 

\Ve'8*>' 

34 8 

406 

45 9 

51 8 

57 8 

63 1 

68 8 

86 








158 

IS 4 

20 s 




312 









He'g*'' 

439 

45 4 

46 7 

48 2 












ms 

1153 

11s 7 












1 2 

SiiiuiB 

227 

235 















597 



65 S 











Should?' 


94 































7.4 












24? 




















19 1 



















52 6 











Cbes‘ 


200 













27 

4SJ 

507 

52 S 













Upper 



6 6 


7 4 








' 1SS 




15 7 













\\ti4' 















102 














01 / o'C- 









207 

22! 

23 7 

23 3 

1 

2S3 

25 


21 2 








1 

1 





ivi y*"” 

WV'Khi 

368 

43 2 

«2 

55 6 

619 

67 9 

74 3 

95 



\ 255 







223 






1! 

47 S 

i .1” 

\ 507 

1 519 ; 53 3 

20 

H4'eh‘ 










\it6\i2n\m^\i2t7\Wi.iiSi st , 

, 24 9 I 2S 7 ' 26 5 I 27 2 ' 23 0 1 2 

6IJ\ 6}J\ 6SJ\ 67^1 69t^ 711, 30 I 

, 104 lOs! 113! 117 120 07 

23J\ 26 3 \ 27S, 2S7' 29S\ 304. IS • 

93 98| 07 


i\ tS9\ 
Jl 19 o' 
4 \ 4SJ 
31 211' 
6 I S3J 


200\ 2U, 
19 6! 20 4 
499 517 
218 216 


62 65 69 73 

7 157- 165' 175 IS 5 
7 4 1 44 48 52 

5' lOJ II J 12 3 13 3 

7 8 3 8 9 95 jo2 

6 212 22 6 24J 23 S 


' 45 9 50 5 

* iOS 229 
' 47 8 49 0 

’ I2IJ 124 5 
> 24 4 25 2 

’ 62 1 640 

5 10^ 10 6 
' 25 9 269 

3 78 8 1 

5 197 206 
1 190 197 

7 41 J SO 0 

5 21 J 22 0 

0 34! 56 0 

8 6J 66 
5 15 9 lit 
7 4J 4 6 

9 tOS 116 

9 85 91 

' 7>7 231 


55 8 61 1 

25 3 27 7 

50 4 51 8 

1250 1515 

26 I 26 9 

66 J 654 
111 115 

25 1 29 5 

85 89 


23 5 24S' IS 
21 7 224, It 
55J 570 2 7 

24 1 24 8 1 1 

61! 63 0 2 9 

76 80 06 

19 3 20 3 14 

56 59 06 

14 1 151 14 

107 11 3 09 

272 2SS 23 


657 71 0 77 

29 5 32 J 149 

53 0 54 4 2 0 

134 7 135 3 32 

27 7 28 5 1 5 
703 723 12 

119 112 07 

30 3 30 9 1 y 

93 97 06 

23 J 24 6 1 3 

218 2Z5 II 

53 3 57 1 2 7 

24 4 25 3 1 2 

62 1 64 J 31 

78 82 06 

197 205 15 

56 59 05 

14^ 151 13 

109 11 5 09 

27 7 29 3 2 3 . 


Sitting 

Should'' 

Pel,,*: trwJth 
eire 
Che»' <“« 
Upper I*"" 
\\r.4» <•« 
Calf *'■' 

Height 
bunn# *“'Kht 
Should" 

TcIti^ stidih 
lleadcire 
CheS' 

Upper «*''• 
Xk rt*' ««''• 
Lai/"" 


ltl\ 193\ 203 

18 6! 19 2,’ 19 7 
47J‘ 457' 500. 

19 3 20 2 | 21 1 I 
45 9 \ 51 4\ 53 7 

57 63 67 

146 I59\ 170 

33 38 43 48 

S3 97\ 109 

83 88' 93 


33 8 45 6 , 52 0 
176 207\ 

466 479 

IIS}\ 121 7' 

23 8 24 5 

60 4 623 
97, 102 
246 > 25S 
74 78 

tSS^ I9S 

18 5 ■ 191 
469' 4S5 

19 4 1 20 5 

49 4 520 

57 ; 63 
t4S\ 159 


21J^ 22Sj 24lj 25.6\ 271 
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Normal Measurements During Growth -8 Years to 9K Years' 

W ciglit in pounds and kih/irarimn; other measurements in inches and aniimetns = pcrcenti/c) 


Boys 


95^: 


41.9 

19.0 

49.3 

175.3 

24.0 

61.0 

10.5 
76.1 

8.0 

70.7 

18.3 

46.6 

21.7 

55.0 
6.3 
15.9 

4.2 

10.1 

8.5 

21.5 


49.2 

27.3 

50.7 
128.9 

25.1 

63.8 

10.9 

71.8 
8.3 

21.1 

19.1 

48.5 

22.5 
57.7 

6.7 

16.9 

4.5 

11.5 
9.1 

23J 


55.8' 63.1 
25.3 \ 28.6 

52.0 1 53.5 
132.2 ' 135.8 

26.1 27.2 


66.3 

11.3 
28.8 

8.6 

21.9 

19.8 

50.2 

23.3 
59.1 


69.1 
11.8 
29.9 

9.0 

22.8 

20.5 

52.1 

24.1 
61.3 


7.0 i 7.4 
17.7 i 18.7 
4.8 1 5.2 


12.3 

9.6 

24.5 


13.1 
10.3 

26.1 


9/2 years 


70.3 

i 76.9 

84.2] 

10.7 

Weight 

51.9: 54.9 

38.2 

4.86 


54.9 

56.2 

57.6, 

2.1 

Height 

159.4 

142.7 

1 146.3 

5.3 


28.3 

29.3 

I 30.4; 

1.6 

Sitting height 

71.9 

74.4 

1 77.2: 

4.1 


12.2 i 

12.6 

13.0 : 

0.6 

Shoulder width 

51.0 \ 

32.0 

' 33.1] 

1.6 


9.3 

9.6 

10.0; 

0.5 1 

Pelvic width 

27.7 i 

24.5 

25.4; 

1.3 


21.3 

21.9 

22.71 

1.1 

Held cite. 

54.0 

55.7 

57.6 1 

2.8 


25.0 

; 25.7 

26.6 i 

1.3 

1 Chest cite. 

65.5 

1 65.4 

67.6 i 

3.2 


7.8 

i 

8.5 i 

0.6 

Upper arm cite. 

19.7 

29.5 

21.5! 

1.4 


5.51 

5.8 

6.1 i 

0.5 

Yi'rist circ. 

15.9 \ 

74.7 

15.51 

1.2 


10.9; 

11.5 

12.1 ; 

0.9 

Gilf circ. 

27.7' 

29.1 

59. 7 i 

2.3 



Girls 



\ 


S0% 



1 


! 

1 

A,. 

I 

A. 

1 

( 

1 

50% 

A, 

f 

i 

1 

j 

f 

i 

i A,.. 

/ 

i 

1 

A.5 

39.0 

45.6 

1 

1 

51.6 

58.2 

1 

64.8 

70.8 

1 

77-4 

9.6 

j 8 34 years 

i 

1 Weight 

M 

40.3 

17.7 

29.7 

25.4 

26.4 

29.4 

52.7 

55.7 

4.5; 

75.5 

47.5 

48.9 

50.1 

51.5 

52.8 

54.1 

55.4 

2.0 

j Height 

47.5 

120.6 

124.1 

727.2 

130.7 

134.2 

757.5 

140.8 

5.7 

120.7 

23.8 

24.7 

25.6 

26.5 

27.4 

28.2 

29.1 

1.3 

1 Sitting height 

24.3 

60.5 

62.8 

64.9 

67.2 

69.5 

77.6 

75.9 

5.4 

61.7 

9.8 

10,5 

10.9 

11.3 

11.7 

12.1 

12.3 

0.6 

j Shoulder width 

9.9 

24.9 

26.6 

27.6 

25.7 

29.5 

50.5 

57.5 

7.6 

25.2 

7.6 

8.0 

8.3 

8.7 

9.0 

9.3 

9.7 

0.5 

j Pelvic width 

7.6 

19.4 

20.5 

27.7 

22.0 

22.9 

25.7 

24.6 

7.5 

1 

79.2 

18.3 

19.0 

19.7 

20.4 

21.2 

21.9 

22.6 

1.1 

! Head circ. 

18.1 

46.4 

48.3 

59.9 

51.9 

55.5 

55.5 

57.4 

2.8 

t 

46.1 1 

20.7 

21.6 

22.4 

23.2 

24.1 

24.8 

25.7 

1.3 

! Chest circ. 

19.5) 

52.7 

54.9 

56.J 

59.9 

67.2 

65.7 

65.5 

5.2 


49.61 

5.9 

6.4 

6.7 

7.1 

7.5 

7.9 

8.3 

0.6 

Upper arm circ. 

j 

5.7 1 

15.1 

16.2 

17.1 

18.1 

79.7 

20.0 

27.7 

7.5 

74.61 

3.7) 

4.0 

4.3 

4,6 

5,0 

5.4 

5.7 

6.0 

0.5 

; Wrist circ. ] 

10.1 

11.0 

77.5 

72.7 

75.6 

74.4 

75.5 

7.5 

i ; 

9.5! 

8.1 

8.7 

9.3 

9.9 

10.6 

11.1 

11.7 

0.9 

1 Calf circ. 1 

8.4 j 

29.6 

22.2 

25.6 

25.2 

26.5 

25.2 

29.5 

2.5 

i 1 

27.5 1 

41.2 

47.8 

54.0 

60.6 

67.2 

73.4 

80.0 

9.8 

1 

9 years ) 

Weight 1 

1 

42.5 j 

18.7 

21.7 

24.5 

27.5 

59.5 

55.5 

56.5 

4.46 

79.5 

48.5 

49.9 

51.1 

52.5 

53.9 

55.1 

56.5 

2.0 

Height 

48.4' 

123.2 

126.7 

729.5 

755.5 

756.5 

759.9 1 

745.4 

5.7 

122.9 ' 7 

23.9 

24.9 

25.8 

26.8 

27.8 

28.7! 

29.7 

1.5 

Sitting height 

24.4 

60.8 

65.5 

65.6 

65.7 

79.6, 

72.9 

75.41 

5.7 

67.9 

10.0 

10.7 

11.1 

11.5 

12.0 

12.4 

12.6 

0.6 

Shoulder width 

10.0 

25.5 

27.2 

25.2 

29.5 

59.4 

57.4 

57.9 

7.6 


25.5 

7.9, 

8.2 

8.5 

8.8 

9.1 

9.4) 

9.8 

0.5 

Pelvic width 

7.7 

20.0 

20.8 

27.6 

22.4 

25.2 

24,0 

24.5 

7.2 


19.6 

18.3 

19.1 

19.7 

20.5 

21.2 

21,9 

22.6 

1.1 

Head circ. 

17.8 

46.5 

48.4 

59.7 

52.9 

55.9 

55.6 

57.5 

2.5 


45.1 

21.2 

22.1 

22,8 

23.7 

24.6 

25.3 1 

26.21 

1.3 

Chest circ. 

19.3 

55.9 

56.1 

55.9 

69.2) 

62.4 

64.51 

66 . 5 ] 

5.2 


45.9 . 

6.1 

6.5 

6.9 

7.2 

7.6 j 

8.0 1 

8.3 

0.6 

Upper arm circ. 

5.8 

15.6 

16.6 

17.4 

75.4 

79.4' 

20.21 

21.2 i 

7.4 

14.7 

4.1 

4.4 

4.8 , 

5.1 

5.4, 

5.7 

6,0 1 

0.5 

Wrist circ. 

3.9 

10.5 

11.3 

12.1 

72.9 

75.7 

14.5 

75.5 

7.2 


9.9 

8.3 

8.9 

9.4. 

10.1 

10.7 

11.3, 

11.9 

0.9 

Calf circ. 

8.4 

21.0 

22.6 

24.0 

25.6 

27.2 

25.6 

50.2 

2.5 

27,4; 2 


951: 


801 


501 

A. 




i i P,,., 


I 


47.6 

21.6 

48.9 
124.2 1 

25.0 I 
63.5 1 
10.41 

26.4 j 

8.0 

20.2 \ 

18.9 t 

48.0 \ 
20.7 j 

52.5 j 
6.3 I 

16.1 1 
4.1 j 
10.5' 
9.0 ; 

22.9 


49.8 


54.0 

24.5 

50.1 

127.3 

25.7 

65.2 

10.8 

27.4 
8.3 

21.2 

19.6 

49.7 

21.7 
55.0 

6.9 

17.4 

4.5 

11.5 

9.6 

24.3 \ 


61.3! 68.6 
27.8 . 31.1 

51.5 52.9 
130.81 1 34.3 \ 
26.4! 27.1 j 
67.01 68.8 \ 

11.3 11.7 1 

28.6 \ 29.8] 
8.8 i 9.2 i 

22.3] 23.4 \ 

20.3 21.1 ! 


75.0 1 82.2 ;i 
34.0! 37.3 \ 

54.1 I 55.5; . 

137.4 [140.9] . 
27.8 j 28.5 
70.5] 72.3' . 

12.1 ' 12.6 ! ( 
30.8] 32.0 ] i 

9.6 i 10.0' ( 

24.4 1 25.4 \ ) 

21 . 7 ! 22.5] 1 

51.6] 53.5] 55.2\ 57.1 \ 2 
22.8 j 23.9 ) 24.9 ) 26.1 j 1 

57.9] 60.8 \ 63.3 ! 662 j 4 


7.4 ' 8.0 

18.81 20.2 I 

5.0 I 5.5 } 
12.71 13.9] 
10 . 2 ' 10 . 8 ) 
25.9; 21 . 5 ] 


8.5 9.1 i 0 

21 . 5 ! 23.0': 2 
5.9 ' 6.3 1 0 

14.9] 16.1] 1 

11.4; 12.0) 0 

28.9] 30.5'- 2, 


45.2^ 

20.5 
49.1 

124.7 

24.0 

61.0 

10.1 , 

25.7 
7.9 

20.0 ^ 

17.5 
44.4 
19.1 ' 
48.5, 

5.8, 

14.8 ■ 

3.9, 
9.9: 
8 . 6 ) 


21.8 


8.1 


6.4 

6.3 

4.3 


9.1 


52.5 

23.8 

50.6 
128.4 
25.1 

63.8 

10.6 

27.0 

8.3 

21.0 

18.5 
47.0 

20.6 

52.3 
6.5 

16.4 

4.3 
11 . 0 ' 

9.3 
25.5 ; 


!; 56.2 

; 63.5 

, 70.8 

') 25.5 

, 25.5 

1 52.7 

; 51.1 

52.4 

; 53.8 

729.7 

; 755.2 

' 756.7 

25.9 

' 26.8 

27.6 

65.9 

, 65.0 

' 70.7 

11.0 

11.5 

' 11.9 

27.9 

29,7 

50.5 

8.5 

8.9 

9.4 

27.6 

22.7 

25.5' 

19.5 

20.4 

21.3 

49.5 

57.5 

54.7 

21.8 

23.1 

24.4 

55.5 

55.6 

61.9 

6.9 

7.5 

8,1 

77.6 

79.7 

20.6 

4.6 

5.0 

5.4 

77.7 

72.7 

15.7 

9.7 

10.3 

10.9 

24.6 

26J2 

27.8 

58.9 

66.1 

73.4 

26.7 

50.0 

55.5 

51.9 

53.3 

54.8 

131.7 

135.4 

139.1 . 

26.1 

27.2 

2S.3 

66.5 

69.7 

77.9 

11.1 

11.6 

12.1 

25.2 

29.5 

SO.S 

8.7 

9.1 

9.5 

22.0 

25.7 

24.2 

19.4 

20.4 

21.5 

49.5 

57.9 

54.5 

21.9 

23.4 

24.8 

55.7 

59.4 

65.7 

7.0 

7.6 

S.3 

77,5 

79.4 

27.0 

4.7 

5.1 

5.5 

77.9 

72.9 

75.9 ' 

9,8 

10.5 

11.1 

25.0 

26.6 



; 77.2; 
; 35.0 
' 55.1 ' 
' 139.9] 
2S.3i 

72.0 1 
12.41 
31.4] 

9.8) 

24.8: 

22.1 ' 
56.2 
25.6 1 
64.9 ; 

8.6 : 
21.9, 
5.7 
14.5 : 
11.5: 
29.5 


84.4 10. 
38.3 ', 4. 
56.5 : 2.1 
143J': 5. 
29.2' 1.: 
74.1', 3. 
12.9' 0.: 
32.7' 1.! 
10.2' O.t 
25.8] l.t 

23.0) l.j 
58 J\ 3.~ 
26.9' 1.9 
68.3] 4.f 

9.3; 0.9 
23.5. 2.2 
6.1 . 0.6 
15.5' 1.4 
12.2! 0.9 

31.0] 2.4 


79.8 

36.2 

56.1 
142.4 

29.3 

74.4 
12.6 
52.0 

9.9 
25.2 , 

22.4 

56.8 

26.2 
66 -S 

S.S 
57 J 

;:s 

14.8 
11.7 


- 87.1 

59.5 

57.5 
146.1 

50.4 

77.2 

13.1 

35.5 

10.3 

26.2 

23.4 
50 .J 

27.7 

70.3 , 
9.4 ' 
2 - 1.0 
6.3 
15.9 

12.4 
5L4 


: 10.6 

2.1 

r.J 

1.6 

4.1 

0.7 

1.9 

0.6 

1.6 

1.5 

3.5 

0.9 

'S 7 

0.6 

('.9 

T J 


1 rrerurFVrrfN'CER. 




19, suppI.13 (1964). From measuttmems n-nJe 


in the period 1D56-19S7 on 21?0 hors and 2!5'’ pirO in Onie, 



Normal Measurements During Growth - 10 Years to 11 Years' 

Weight m pounds and hk^ammts , other nicaaareineius in mckes and (ixlimttrtr (P = percentile) 
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Boys 


95% 





80% 








50% 


: Pi. 1 




Pu 

Pi. 

Pi. 

Pit 1 


P.i 1 


19 

51 8 

59.1 

672' 

75 4' 

82 7^ 

90 6 

11 8 

'9 

2JJ 

26 8 

303 

34 2 

37J 

41.1 

337 

>2l 

51,7 

53 0 

54 4 

55 9 

57 2 

58 7 

22 

\4 

1312 

134 6 

138 3 

142.0 

145 4 

1492 

35 

19 

2S2 

26 3 

27 6 

28 9 

30 0 

31 3 

1 9 

)S 

64 0 

66 9 

70! 

73.3 

762 

794 

4 7 

)7 

11.2 

11,6 

12 0 

124 

12 8 

133 

06 

73 

28 4 

1 294i 303 

316 

32 6 

3)7 

16 

31 

85 

87 

1 92 

92 

99 

103 

06 

05 

213 

222 

1 23 3 

23 4 

25 1 

26 1 

7 4 

94 

192 

19 8 

1 20 6 

213 

22 0 

22 8 

1,1 

6 ! 

4S7 

30 4 

52 3 

342 

' 33 9 

578 

21 

19 

22 8 

23 6 

, 24 5 

25 4 

26 2 

27 1 

1.3 i 

5J 

378 

39 9 

, 622 

643 

66 6 

68 9 

34 1 

63 

68, 7 1 

75 

7 9 

83 

87| 06 , 

61 

172 

' 1! 1 

19 1 

1 201 

21.0 

221 

1 7 8 \ 

42 

46 

49 

52 

, 56 

59 

63 

05 

07 

' 116 

12 4 

13 3 

14 2 

13 0\ 15 9 

, ti 

87 

93 

1 58 

, 105 

1 11 1 

11 7 

12 3, 0 9 

'20 236 

' 230 

, 26 6 

2! 2 

29 6 

312 

23 


15 4 54 71 62 81 72 1 

?£>« 24t\ 2SS\ J.V, 
i0 6 52 4 53 8 55 4 

f91 1»1 136 6 WOd, 
24 1 25 4 2 6 7 2 8 0 
ft 2 646 677. 7t t 
>09 114 118 122 
77 7 2S9 29 9 31 1 
8 1 8 5 8 9 9 3 
70S 21 6 22 6 23 7 
18 6 19 3 19 9 20 6 

473 490 306 S24 

21 8 22 8 23 7 24 7 
SS3 S79 602 62! 

63 68 72 77 

16 t 17 3 IS) 193 

4 2 4 6 4 9 5 3 
107 11 7 123 133 

89 9 5 100 107 

22 3 24 1 23 3 271 


81 3 89 5 , 98 8 1 13 4 
36 9 40 6\ 44! 6 10 
56 9 58 3 59 9 2 3 
144 6 14! 1 132 1 3! 
29 3 30 6 31 9 2 0 
74 3 77 6 no 3 0 

127 13 1, 136 07 
32 3 33 3 34 3 1 7 

98 102 106 06 
24! 25! 26 9 1 6 
21 3 22 0, 22 6 1 0 
34 2 33 ! 373 26 
25 7 26 7 27 7 1 5 

634 677 703 3! 
81 85 90 07 

20 7 21 7 22 9 1 7 
57 60 64 06 

14 3 13 3 16 3 1 4 

11 3 11 9 125 09 

2! 7 301 31 7 23 


50 5 59 7 67 9 77 2 

229 271 30! 33 0 

51 5 53 1 54 6 56 2 

'30! 134 9 13! 6 142 7 
24 3 25 7 27 0 29 4 

61! 65 4 6! 6 721 

109 115 119 124 

2’i 29 1 30 3 31 6 

80 85 90 95 

20 3 21 6 22 S 24 1 

19 9 19 6 201 20 7 

4!t 49 7 31 0 32 5 

21 8 22 9 23 9 25 0 

35 5 5! I 60 6 63 4 

63 69 73 78 

16 1 174 IS 6 199 

42 46 50 54 

106 It 7 126 136 

9 0 9 6 10 2 10 8 

22 9 24 5 25 9 27 3 


86 4 94 6 103 8 13 5 

392 42 9 47 1 612 

57 8 59 3 60 9 2 4 

146! 130 3 154 6 6 0 

29 8 31 0 32 4 20 

73 6 ^!! 124 32 

130 134 139 07 

32 9 34 1 33 4 1 9 

100 105 no 07 

25 4 26 6 27 9 1 9 

21 3 21 8 22 4 09 

34 0 33 3 36 9 22 

26 1 27 0 28 I 16 

66 2 6! 7 71 3 4 1 

83 88 93 07 

21 2 22 4 23 7 1 9 

57 61 65 06 

146 133 166, 13 

It 5 120 126| 09 

29 1 30 3 32 1 23 



10 years 
Weight 
Height 
Smug height 
Shoulder width 
Pelvic width 
Head cue. 
Chest circ 
Upper arm cite 
Wrist cire 
Calfeire 

tOVi years 
Weight 
Height 
Sitting height 
Shoulder width 
Pelvic width 
Head cite 
Chest cue 
Upper arm eiie 
Wrist circ 
Calf arc 

Height 
Sitting height 
Shoulder width 
Pelvic width 
lUad cue 
Chest circ 
Upper atm circ 

Calf cue 


467 54.7 61.7 69.4 77 2 842 922 11.5 

212 24.! 2S0 JfJ 35.0 38 2 41.8 32 

I 49 8 513 52 6 541 55 6 57 0 58 5 2 2 


67! 

n 4 
29 0 
--,90 
204^ 2I7\ 22! 
>74| 185 194 
■44/1 469\ 494 
19 3 20 9 22 4 
490\ 33 l\ S6S 
59 66 72 

4^0! 167] 1!) 
32' 39 46 

81 99, 116 

88 95 102 

223 \ 242 239 


483| 582| 670 
2I9\ 264\ 304 
507, 525; 541 
t2!9-f334,1374 
243 . 257 
61 7 63 4 

I 104 no 

264l 2!0 


4\ . 

81, 87 


6! 7 


99 112 
89 96 

226 243 
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Normal Measurements During Growth -11% Years to 12% Years’ 

Weight in pounds and kUogrammtr, othet measurements in inches and centimelret (P = percentile) 





Boys 








95% 









80% 









50% 


1 




A,i 

7>„ 


1 Ao 

i 

1 Ao 

/’ll. 5 

/ 










11 54 years 

53.6 

63,5 

72.3 

82,2 

92.2 

101.0 

110.9 

14.5 

Weight 

2-f.3 

2i’.4’ 

32.8 

37.3 

41.8 

45.5 

50.5 

6.59 

52.0 

53.7 

55.2 

57.0 

58.7 

60.2 

62.0 

2.5 

Height 

132.0 

136.4 

/40.5 

/44.7 

149.1 

/55.0 

/57.4 

6.4 

24.8 

26.2 

27.4 

28.8 

30.2 

31.4 

32.8 

2.0 

Sitting height 

63.0 

66.5 

69.6 

73.1 

76.6 

79.7 

55.2 

5./ 

10.8 

11.5 

12.0 

12.6 

13.3 

13.8 

14.4 

0.9 

Shoulder width 

27.5 

29.1 

30.5 

52./ 

55.7 

55./ 

56.7 

2.5 


7.8 

8.5 

9.1 

9.7 

10.3 

10.9 

11.6 

0.9 

Pelvic width 

19.S 

21.5 

23.0 

24.6 

26.2 

27.7 

29.4 

2.4 


19.3 

19.8 

20.2 

20.7 

21.2 

21.6 

22.1 

0.7 

Head circ. 

•19.0 

50.3 

51.4 

52.6 

55.5 

54.9 

56.2 

1.8 


21.9 

23.0 

24.1 

25.3 

26.5 

27.5 

28.7 

1.7 

Chest circ. 

55.5 

5S.5 

6/.2 

64.2 

67.2 

69.9 

72.9 

4.4 


6.2 

6.8 

7.4 

8.0 

8.6 

9.2 

9.8 

0,9 

Upper arm circ. 

15.7 

17.3 

/5.7 

20.5 

2/.9 

25.5 

24.9 

2.5 

3.9 

4.4 

4.9 

5.4 

5.9 

6.4 

6.9 

0.7 

Wrist circ. 

9.9 

11.2 

12.4 

/5.7 

/5.0 

/6.2 

17.5 

1.9 


9.1 

9.8 

10.4 

11.0 

11.7 

12.2 

12.9 

0.9 

Calf circ. 

23.2 

24.9 

26.4 

25.0 

29.6 

5/./ 

52.5 

2.4 

12 years 

56.9 

67.5 

76.7 

87.1 

97.4 

106.7 

117.3 

15.2 

Weight 

25.S 

50.6 

34.8 

59.5 

44.2 

45.4 

55.2 

6.9/ 


52.6 

54.4 

56.1 

57.9 

59.7 

61.3 

63.2 

2.7 

Height 

133.5 

138.2 

142.4 

147.0 

151.6 

/55.5 

/60.5 

6.5 


25.4 

26.7 

27.9 

29.2 

30.5 

31.6 

32.9 

1.9 

Sitting height 

64.6 

67.9 

70.5 

74./ 

77.4 

80.3 

55.6 

4.5 


10,5 

11.3 

12.0 

12.8 

13.6 

14.3 

15.1 

1.2 

Shoulder width 

26.6 

28.6 

50.5 

52,5 

54.5 

56.4 

38.4 

5.0 


7.6 

8.4 

9.1 

9.9 

10.7 

11.4 

12.1 

1.1 

Pelvic width 

19.4 

21.3 

25./ 

25./ 

27.1 

25.9 

50.5 

2.9 


19.4 

19.9 

20.3 

20.7 

21.2 

21.6 

22.1 

0.7 

Head circ. 

49.3 

50.5 

51.5 

52.7 

55.9 

54.9 

56.1 

1.7 


22.1 

23.3 

24.4 

25.6 

26.8 

27.9 

29.1 

1.8 

Chest circ. 

56.1 

59.2 

6/.9 

65.0 

68.1 

70.5 

75.9 

4.5 


6.0 

6,7 

7.4 

8.1 

8.9 

9.6 

10.3 

1.1 

Upper arm circ. 

15.2 

17.1 

/5.5 

20,7 

22.6 

24.5 

26.2 

2.5 


3.6 

4.2 

4.8 

5.4 

6,0 

6.6 

7.2 

0.9 

Wrist circ. 

9./ 

10.7 

12.1 

13.7 

15.3 

/6.7 

/5.5 

2.5 


9.3 

10.0 

10.6 

11.2 

11.9 

12.4 

13.1 

0.9 

Calf circ. 

27.7 

25.4 

26.9 

25.5 

50./ 

5/.6 

33,3 

1 

1 

2.4 

1254 years 

59.3 

70.8 

80.9 

92.2 

103.4 

113.5 

125.0 

16.5 

Weight 

26.9 

52./ 

56.7 

41.8 

46.9 

51.5 

56.7 

7.50 

Height 

53.3 

55.3 

57.1 

59.1 

61.0 

62.8 

64.8 

2.9 


140.4 

/45.0 

150.0 

155.0 

/59.6 

164.7 

7.4 

Sitting height 

26.1 

27.3 

28.4 

29.6 

30.7 

31.8 

33.0 

1.7 

66-4 

6P.4 

72./ 

75.1 

75./ 

50.5 

55.5 

4.4 

Shoulder width 

9.5 

10.7 

11.7 

12.9 

14.0 

15.1 

16.2 

1.7 

2 

27.1 

29.8 

52.7 

55.6 

55.5 

41.2 

4.5 

Pelvic width 

7.6 

8.4 

9.3 

10.1 

11.0 

11.8 

12.7 

1.3 

10 9 

21.4 

25.5 

25.7 

27.9 

50.0 

52.2 

5.5 

Head cite. 

19.5 

20.0 

20.4 

20.8 

21.2 

21.6 

22.0 

0.6 

223 

50.7 

23.6 

51.7 

24.8 

52.5 

26.1 

55.9 

27.4 

54.9 

28.5 

56.0 

29.8 

1.6 

1.9 

Chest circ. 

5^.7 
5 7 

60.0 

6.6 

62.9 

7.4 

66,2 

8.3 

69.5 

9.1 

72.4 

10.0 

75.7 

10.8 

4.S 

1.3 

Upper arm circ. 

14.5 

3.5 

9.3 

23.7 

/6.7 

4.2 

10.6 

10.0 

25.5 

18.8 

4.8 

12.1 

10.7 

27.2 

21.0 

5.4 

13.8 

11.4 

29.0 

25.2 

6.1 

/5.5 

12.1 

50.5 

25.5 
6.7 

/7.0 

12.8 

52.5 

27.5 
7.4 

18.8 

13.5 

54.5 

5.5 

1.0 

2.5 

1.1 

2.7 

Wrist circ. 

Calf circ. 
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Normal Measurements During Growth - 13 Years to 14 Years' 

Weight in pounds »nd Jtilogrammti, other mcssuittnents in inches and (iniimetris {P »= percentile) 
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^S^\ 85S 

J'fJ] JS9 
56 4] 58 3 


97.2 108? 119.1 
44.t 49) S40 
60 4 62.5 64 4 


)6J 41. 0 \ 46) SI 6 
I 57 7 59 7i 6J 8 63 9 

•I 146 6 ISI.6 1S70 1624 
) ^ 28 4 29 5 80 6 81 8 

> 72.2 74 9 

ii 113 ^2^ 

t\ 2S 7 )U 


?' 89 97 

1 22) 245 
■ 20 t 20 5 
I S11 S2 0 
23 4 25 3 
, f9 4 64 0 


77 S SO 7 
134 146 

)4 1 S70 
106 116 
270 294 
20 9 21 3 I 216 
S)0 S4 0\ $4 9 
27 2 29 3 1 31 1 
69 J 74 4 


564. 61 S 
65 9 
I674\ I72S 
82.8', 840 
S)4] S6.) 


13 years 
Weight 


8.4 

93 

10.4 

1I4| 

12.3 

131 

1.7 

4) 

20 

S.t 

15 

SiHing height 

Shoulder width 

FelvK width 

69.1 

11.2 
2SS 

9.1 

71.7 
11 9 
)0) 
98 

74 1 
12 5 
518 
103 

76 8 
132 
5)6 
10 9 

79J 
13 9 
)).4 
11.5 

81 9 
14 5 
)6 9 
11.9 

845 
15 2 
58 7 
12.6 

21.4 

23.7 

26) 

2J.9 

)I2 

J3.J 

5t 


25 2 

25 0 

261 

276 

29.1 

)0.2 

52 0 

20.1 

20 4 

20 8 

21.2 

21 6 

22 0 

06 

Head cite. 

19.5 

200 

20 4 

20 8 

212 

216 

220 

510 

51.9 

52 9 

5)9 

54 8 

55.9 

IJ 


496 

50 7 

51 7 

52 8 

S) 9 

S4.P 

560 

234 

24 9 

26 5 

23 2 

29 6 

31.3 

24 

Chest ate. 

206 

224 

239 

25.1 

27 4 

29.0 

30.7 

59J 

612 

67.4 

7/6 

75.) 

795 

6./ 


52) 

56 S 

608 

6)2 

696 

7)6 

78.1 

67 

7.5 

83 

92 

10 0 

10 9 

1 3 

Upper atm cite. 

66 

73 

79 

85 

92 

98 

10 5 

16 9 

19 0 

212 

2)4 

2SJ 

27.7 

)J 

16 7 

IS 5 

20 0 

21.7 

2)4 

24 9 

26 7 

43 

49 

56 

62 

68 

75 

10 

Wrist eifc 


_ 


56 




10 9 

124 

14 / 

15.S 

t7) 

191 

2J 



- 


142 




98 

10 6 

116 125 

U8 

14 3 

14 

Calf cite. 

95 

10.3 

no 

n& 

12 6 

13 8 

141 

1 24 9 \ 270 

29 4 

)1S 

})9 

56 5 

)J 


24! 

26! 

28 0 

)00 

520 

)).9 

559 

1 79 8 

90 4 

1021 

1 1138 

124 3 

136 2 

17 2 

13H years 

1 Weight 

«0 

TOO 

. 

.... 





70 77 85 92 1 99 
0 17 9 19 6 215 2)4^ 25 1 
9 45 51 57 63 69 


7 252 275 300 525 34 S 


163 
41.4 
133 
3)9 
220 
$6 0 
33 1 1 3 0 
S42\ 76 
106' 11 
270 2S ' 
75 09 
t9f 2) 
147 15 

37) 37 


Height 
Sitting height 
Shoulder iridih 
Pelfic width 


500\ 

210 

5)3 


98j 106] 113 
24S\ 2691 2SS 


95 2 107 1 U9 0 
43 J 45 6 54 0 

61 1 63 2 65 4 

M52 1606 1660 
30 0 31 2 3 2 4 

'6 3 '9 t 52 3 

13 2 139 14 6 

' 336 154 I'J 

: 104 110 117 

r 25 3 210 29 7 

• 2-3 •• 20 9 21 3 

? s.’ I 51 1 tv r 

i 26 1 27 9 29 7 

t (5 4 *0 9 ■'5 9 

J 81 87 92 

5 20 7 22 0 23 3 

) ‘■4 59 65 

4 156 ISO 164 

7 114 121 128 

3 290 305 326 


129 9 1 41 8 175 
35 9 64 5 792 

67.3 69 4 31 

n\ 0 1764 SO 
33 5 34 6 17 

530 550 44 

15 3 15 5 1 1 

35.9 394 27 

I2J 130 10 

312 330 25 


217 


06 


33 0 361 13 

31,3 33 1 26 

79 4 S4 0, 66 . 

96 102 07 

24 J 23 5, 19 
69 75' 08 

176 190' 20 

13 5 14 2 1 1 

34 3 36 1 , 27 


Sitting height 
Shoulder «idlh 
Pelvic width 
I lead cite 
Chest cite 
Upper arm arc 
XWnst circ 
Calfeirc 


743) 869 
)37. )94 
57 8 1 59 4 
146 9 ISOS 
28 5' 29 4 
72) 746 
119, 125 
70 ! )IS 
100 105 

2jJ 26 71 
19 81 20 2 
, 302| 51.) 
214' 23 1 
54) 5S7\ 

70' 76 
I r7.7| 19) 


1021 109 11 7 
27r| 27S\ 297 


' H'lr A.u if uirr! IJ (19641 from icmxafcmenn made fai Ihe f«t<ud 1956-1957 on 2150 bon »nd 2150 irirl. — 
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Normal Measurements During Growth - 14% Years to 15% Years’ 

Weight in pounds nnd kilogravimt:\ other measurements in inches and ccntimitres = percentile) 


Boys 


95% 


7’,.. 



A. 

75.6 

88.4 

99.6 

34.3 

40./ 

45.2 

58.3 

60.5 

62.4 

148.2 

155.6 

158.4 

28,4 

29.6 

30.6 

72.1 

75./ 

77.5 

12.5 

13.1 

13.7 

31.7 

33.4 

54.9 

9.8 

10.4 

10.9 

24.5 

26.3 

27.6 

19.8 

20.2 

20.6 

50.3 

5/.4 

52.5 

24.2 

25,7 

27.0 

61.5 

65.5 

65.7 

7.4 

8.0 

8.4 

18.9 

20.2 

2/.4 

4.8 

5.2 

5.6 

12.1 

/5.2 

/4.2 

10.6 

11.3 

11.9 

27.0 

28.8 

50.5 

81.1 

93.7 

104.7 

36.8 

42.5 

47.5 

59.8 

61.9 

63.7 

151.9 

157.1 

161.7 

28.9 

30.1 

31.1 

73.3 

76.4 

79.1 

13.0 

13.6 

14.1 

55.0 

34.6 

55.9 

10,0 

10.6 

11.1 

25.5 

27.0 

25.5 

19.8 

20.3 

20.6 

50.4 

51.5 

52.4 

25.2 

26.5 

27.8 

64.0 

67.4 

70.5 

7.6 

8.1 

8.6 

19.3 

20.7 

21.9 

5.1 

5.4 

5.7 

12.9 

13.8 

/4.6 

11.0 

11.7 

12.2 

27.9 

29.6 

31.1 

86.9 

99.0 

110.0 

39.4 

44.9 

49.9 

61.3 

63.2 

64.9 

155.8 

160.6 

164.8 

29.5 

30.7 

31.8 

75.0 

75.0 

50.7 

13.1 

14.0 

14.5 

53.2 

55.5 

56.5 

10.3 

10.9 

11.4 

26.1 

27.6 

25.9 

20.0 

20.4 

20.7 

50.7 

5/.7 

52.5 

25.9 

27.2 

28.3 

65.5 

69.1 

72.0 

7.( 

8.2 

8.7 

19.; 

20.5 

22./ 

5. 

5.6 

5.9 

15. 

11. 

25. 

4 14.2 
2 11.9 

5 50.) 

14.9 

12.4 

5/'.9 

1 HeimcndingerJ.i 


80”, 


50% 


50.9 

64.5 

165.8 

31.8 

80.8 

14.4 

56.5 

11.4 

29.0 

21.0 

55.5 

28.5 
72.4 

8.9 

22.7 

6.0 

15.3 

12.6 

32.0 


117.1 

55.1 

65.7 
166.8 

32.4 

82.2 

14.7 

37.4 

11.7 

29.7 

21.0 

53.4 
29.1 

75.9 
9.2 

25.3 

6.1 

15.5 

12.9 

32.7 


122.1 

55.4 
66.1 
169.5 

33.0 
85.7 

15.0 

38.2 
11.9 

30.3 

21.1 

55.5 

29.6 
75.2 

9.3 

25.6 

6.1 

15.6 
I 13.0 

55.1 


124.8 

56.6 

66.6 

169.2 

33.0 
83.8 

15.0 

38.1 

12.0 

30.4 

21.4 
54.3 

30.0 

76.1 

9.4 
24.0 

6.5 
16.4 
13.3 
33.7 


129.4 

58.7 

67.7 
171.9 

33.6 

85.3 

15.3 
38.9 
12.2 

31.1 

21.4 

54.4 

30.4 
77.3 

9.7 

24.2 
6.5 
/6.4 

13.5 

34.3 


134.3 

60.2 

68.6 

174.2 

34.1 
56.7 

15.6 

52.6 

12.5 

31.7 

21.5 

54.5 
30.9 
78.4 

9.9 

25.1 
6.4 

/6.5 

13.7 

54.7 


136.0 
61.7 

68.5 

174.0 

34.1 

86.5 

15.6 

39.6 

12.5 

31.7 

21.7 

55.2 

31.3 

79.5 

9.9 

25.2 

6.9 
/7.4 
13.9 

55.2 


140.4 

65.7 

69.5 

176.5 

34.6 
W.O 

15.8 

40.2 

12.8 

52.4 

21,8 

55.5 

31.7 
80.4 

10.2 

25.2 

6.8 

17.2 
14.1 

35.8 


145.3 

65.2 

70.2 

178.4 

35.2 
4’2.4 
16.1 

40.2 

13.0 

55.0 
21.8 
55.5 

32.0 

81.3 

10.4 

26.4 
6.7 

^7.0 

14.2 

56.1 


148.8 

67.5 

70.6 
179.4 

35.2 

89.5 

16.3 
4/.5 

13.1 

55.2 

22.2 

56.5 
32.8 

83.3 

10.4 

26.5 
7.3 
/#.5 

14.6 
57.0 


153.0 

62.4 

71.5 
181.7 

35.9 

2 /./ 

16.5 

41.8 

13.3 

33.9 

22,2 

56.4 
33.0 
83.8 

10.7 

27.5 
7.1 
/5./ 

14.8 

57.5 


157.4 
7/. 4 

72.1 
183.2 

36.4 

22.4 

16.4 
4/.6 

13.6 

54.5 

22.2 

56.5 
33.3 

84.5 
11.0 
28.0 

7.0 

/7.J 

14.8 

57.7 


18.5 

f.57 

3.1 
7.9 
1.7 

4.4 
0.9 

2.4 

0.8 

2.1 
0.6 

1.5 
2.2 

5.5 
0.7 
/.2 
0.6 
/.6 
1.0 

2.5 


18.1 

«.22 

3.0 

7.5 

1.8 

4.5 
0.9 
2.2 
0.8 

2.1 
0.6 

1.5 

2.0 

5.0 
0.8 

2.0 
0.5 
/.5 
0.9 
2.4 


17.8 

5.02 

2.7 

6.2 

1.7 

4.4 
0.8 
2 ./ 
0.8 
2 ./ 
0.6 
/.4 
1.9 

4.7 
0.9 
2.2 
0.4 
/./ 
0.9 

2.5 


14 !4 years 
Weight 
Height 

Sitting height 
Shoulder width 
Pelvic width 
Head circ. 
Chest cite. 
Upper arm cite. 
Wrist circ. 
Calf circ. 

15 years 
Weight 
Height 

Sitting height 
Shoulder width 
Pelvic width 
Head circ. 
Chest circ. 
Upper arm circ. 
Wrist cite. 
Calf circ. 

15 Vi years 
Weight 
Height 
Sitting height 
Shoulder width 
Pelvic width 
Head circ. 
Chest circ. 
Upper arm circ. 
Wrist circ. 
Calf cite. 


Girls 


95% 


A.. 



81.3 

56.2 
58.9 

149.7 

29.0 

75.6 

12.2 

31.0 

10.3 

26.1 
19.8 

50.2 

21.7 

55.2 
7.2 

18.4 


10.4 

26.4 


87.1 
39.5 

59.4 
151.0 

29.5 

74.2 

12.4 

31.6 

10.5 

26.6 
19.9 
50.5 
22.1 

i 56.2 
'■ 7.4 

' 18.9 


92.8 

42.1 
60.0 

152.5 

29.8 

75.8 

12.8 
52.6 
10.8 
27.4 

20.2 

51.3 

23.4 

52.5 
7.8 
19.9 


11.1 

28.3 


97.7 

44.5 

60.6 
153.8 

30.4 

77./ 

13.1 

55.2 
10.9 

27.7 

20.3 
51.6 

23.8 

60.4 

8.0 

20.5 


103.0 

46.7 

61.4 
/56.0 

30.7 

77.2 

13.4 

54.0 

11.3 
28.6 
20.6 

52.5 

25.0 

65.4 
8.3 

21.2 


11.9 

30.1 


106.9 

48.5 
61.9 

157.3 

31.1 

72.0 

13.6 
54.5 

11.4 
2J.2 

20.7 

52.5 

25.2 

64.1 
8.5 

21.5 


10.7 I 11.4 I 12.01 
27.2 25.21 30.5 \ 


114.2 

51.8 

62.9 
/52.5 

31.5 
80.1 

14.0 

55.6 

11,8 

22.2 

21.0 

55.4 

26.7 

67.7 

8.9 
22.6 

5.7 

14.5 

12.6 
52./ 


117.3 

55.2 
63.4 

/ 6 /./ 

32.0 

81.2 

14.2 

56.0 

11.9; 

50.2, 

21.1 i 
53.5' 
26.91 

68.3 \ 
9.0 I 

22.2; 

5.7 

/4.5 

12.7 

32.3 I 


125.4 

56.2 

64.4 
163.6 

32.4 

82.3 
14.6 

57.2 

12.3 

51.2 

21.5 

54.5 

28.3 

72.0 
9.4 

24.0 


13.4 

54.1 


127.6 

57.2 

64.9 

164.9 

32.8 

85.4 

14.8 

57.5 

12.4 

31.5 

21.5 

54.5 

23.5 

72.5 
9.6 

24.5 


13.4 I 
34.1 \ 


135.6 
6/J 

65.8 
167.1 

33.2 

54.4 

15.2 

55.6 

12.8 

52.4 

21.9 

55.5 

29.9 

75.2 
10.0 

25.5 


14.1 

55.2 


136.9 

62.1 

66.3 
/65.4 

33.6 

55.5 

15.3 
55.5 
12.9 


55.4 

30.0 
76-? 

10.0 

25.5 


A:.! 


147.0 

66.7 
66.9 

/62.2 

34.1 

56.6 

15.8 

40.2 

13.3 

55.7 

22.3 
56.6 

31.6 
50.2 

10.6 

26.5 


14.9 

57.5 


90.4 

41.0 
59.3 

150.6 
29.9 I 

76.0 ■ 

12.6 I 

52.01 
10.6; 


26.2 


20.0 I 

50.2 , 

22.6 j 

57.5 
7.8 . 
/2.7i 


100.5 ! 109.6 
45.61 42.7 
60.9 i 62.2 
/54.6I /55./ 
30.8 I 31.5 

75.2 I 80.1 

13.2 i 13.7 
55.51 54.5 

11.1 ( 11.5; 

25.2' 22.5 
20.4 ' 20.7 
5/. 2; 52.7 

24.1 ■ 25.5 

61.3 I 64.5 i 

8.3 8.7 I 

21.0 22.1 i 


10.9 1 11.6 12.2! 

27.7', 29.4 \ 50.2 I 


119.7 

54.5 

63.8 

162.1 

32.4 

52.5 
14.3 
56.2 
12.0 

50.5 
21.1 

55.7 
27.1 

65.5 
9.2 

25.5 
5.7 

/4.5 

12.8 

52.5 


129.9 

58.9 

65.4 
166.1 
.33.3 
54.5! 
14.8 I 
57.61 
12.5; 

31.7 

21.5 ' 

54.7 

28.7 I 

72.5 
9.6 

24.5 


138.9 ■ 

63.0 
66.8 , 

169.6 ' 

34.0 

56.4 
15.3 , 
55.2 

12.9 ^ 

52.5 ' 

21.9 , 
55.51 

30.0 

76.5 ■ 

10.1 
25,6 ' 


13.4, 
54. f 


suppl.13 (1944) 


rrom mcasnictticnts laaOc i 


iihcpcriosl 1956-1957 oa 2150 boys and : 


147.5 

15.: 

66.9 

6. 

67.4! 

2 .: 

171.2 

5.. 

34.4; 

1.: 

57.5 ' 

5.. 

15,9 

0.' 

40.4; 

2.. 

13.3; 

o!' 

55.5! 

/.; 

22.2 

0.( 

56 J I 

/.; 

31.7. 

2 ,. 

50.4 ' 

6.; 

10.6 

O.i 

26.9 

2.1 

_ 

0.- 


0.1 

14.7 

i.( 

37.4' 

2.t 

149.0 1 

U.S 

67.6, 

6.i 

68.3 ■ 

2.3 

173.6 

5.5 

34,9 

1.3 

55.6 

3.1 

15.9; 

0.8 

40.4, 

2./ 

13.4 

0.7 

34.1 ■■ 

f.5 

22 .2' 

0.6 

56.5 . 

1.4 

31.6 : 

2.3 

80.3 . 

5.,) 

10.6 

0.7 

26.9 

t.S 


0.4 

_ 

0.9 

14.7. 

0,9 

?7.) ^ 

2.4 

:h in 

<v. 



Normal Measurements During Growth - 16 Years to 17 Years 705 

W’eight in pounds and hlosrammts, oth« mcanitements in inches and riHhmitrti {P ■= percentile) 


Boys 1 


, Girls 

1 


9SS 






i 


95% 



1 


1 

80% 








80% 



1 


1 1 

50% 


1 P„ ^ 




1 

1 

50% 



1 


1 

/•„ 1 !•.. 1 

Pn 


A,.' 


1 


r.. 

p.. p.. 1 

p,. 


1 I’ll . ' 


1 

1 

( .-1 


1.... 



j 16 years 

1 

1 


\ 





OlltOO 
» jor 
iSl 6S2> 
' V16SS 
L4l 32 2 
P7| SIS 
U 

5S\ is 9 
I 0‘ 11 5 
79, 291 
0 0 20 4 
09 SI 9 
7 2 2S3 
9 1 720 


1210 1 1321 
54 9' S9 9 
Hi 68 3 , 
1692 17)4^ 
330 ', 3401 
S)9 SSi 


[ 

143t[lS3 2i 
64 9 69 S 
69,0 ' 714 
177 S '^ IS1 3 
34.0' 35 7 


1642 163 
;45, 73S\ 
73 0 24 ' 
ISSS\ 6 1 
368' 14 
, 9}S\ 3S 
17 1, 06 


20 7 21 1 
S2 7 S3 7 
29 3 30 5 I 
7-IS 774 


S4 7 SSS 

3161 32 6 


80 OS 101 I 106 


•97 233 22 6 24 f 2S6' 269 
3 4 57 5 0 6 2 6 5 


Jl t4S 
114 120 

79 0 30 6 


Ifl ISS 
126 131 
J7P 334 


16 3 171 

137 143 

34 9 36 2 


34 7 1 7 • 

22 2 I 0 6 I 
S6S\ 14 I 
33 71 17 
SS7 4 2 
11 2 00 
2SS 22 
70| 04 
ns ID \ 

149 00 

37S 22 


Height 
hitting height 
Shoulder width 


Calfcire 

165t jrcars 
Weight 
Height 
Silting height 
Shoulder width 
PeUic width 
Head cite 


93 5 
1 597 


I ii 


040 1140 123 9 
4'’6 t.’l S6 2 
64 0 65 6 67 0 

42 6 166? 170 3 
31 5 32.4 13 2 

77 9 S22 S4 3 

143 148 152 

332 37 3 33 7 

113 117 J20 

23 6 29 7 }0 6 

20 0 20 4 20 8 

«0T 5; 9 52 S 

27 6 2S 7 20 7 

'Of '3 0 '3 3 

70 85 00 

20 0 21 3 22 3 

55 57 60 

140 146 132 


134 0 144 2 
40 r 65 4 
68 6 70 2 
174 3 1 7! 3 
34 1 35 0 


33! 54! 

30 9 32 0 

7S4 !l 3 
05 ml 
24^ 23 6 

62 65 

fJ! 164 
132 137 

333 3(9 


153 2 J63J 14 7 
693 740 669 

71 6 732 23 

lit 9 1!6 0 3 9 

35 8 36 7 13 

910 933 34 

167 172 07 

42 3 43! 19 

132 136 06 

33 3 3 4 6 IS 

210 224 06 

33 7 36! IS 

33 0 34 1 1 7 

!J! S6 7 42 
106 11 2 08 
26 9 2!4 21 
67 69 04 

170 176 09 

143 148 08 

362 }T7 21 


VS eight 
Height 
Sitting height 
Shoulder width 
PelvK width 
Head arc 
Chest arc 
U[>pet arm are 
lift cite 
Calf arc 


6o! 851 

I 203] 216^ 


I ml 117, 

I 2rri 29 7\ 


9481 1052 
430] 477 
59 7 613 

[ IS! 7. ISS! 
30 4 31 3 

772\ 794 
1 129* 134 
'32 7 34 0 
110 

292 
20 5 
I Sfll S2 0 
I 23 5 24 9 

S9!\ 63J 
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Appearance of the Secondary Ossification Centres* 


HAND AND WRIST 


Cnpitatc bone 

Hamate bone 

Triquetral 
and pisiform 
bones 



Trapezoid bone 

Trapezium bone 

Scaphoid bone 

Lunate bone 

Distal radial 
epiphysis 

Distal ulnar 
epiphysis 


FOOT 


Medial cunei- 
form bone 

Intermediate 
cuneiform bone 

Lateral cunei- 
form bone 

Cuboid bone 
Calcancum 



Naricular boni 


Talus 


SHOULDER 


Coracoid process 

Tuberosity 
of the humcn 



In many clinical 

nLrproees'ses occurdnTbetween birth and maturity can be utt- 
“'ptfroSiniedpurposes the follosving indications constitute 

. a rehable guide to skeletal development. 

Newborn . i V ravs (anteroposterior or lateral) 

Bone age in childhood ' <= • . gre early or late in ap- 

H.J.KAurMANM, Childrens i 


doing so it must be borne in mind that the range 0 ‘ 
v-ariaLn is rather wide, and that a d.seordance m he t 
appearance of various oss.fieat.on centres is 7 "' " 
F^r this reason, diagnostic X-rays should include sci cral 
of the body (wrist, knee and foot, possibly others). 

Bone age in the hand can be readily assessed ^ ^ 

table on page 70S. For other bones and for a more detail 
atinn of bone age sec the special atlases ' - . 

‘ In assessing bone development at and during pubett> it rn 
remeScHhat girls h.ave a bone age about two years m ad 
of that of boys of the same age. 

Bone development and the onset of puberty 
Tte otpubcrlr Pf 


Appearance of the SecondaoT Ossification Centres 
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Time of appearance of the oaslfication centres of the limb bones ' 


Head of the humerus (medial) 

Head of the humerus (lateral) . 

Coracoid process 

Capiculum of the humerus .... 

Head of the radius 

Medial epicondyle 

Lateral epicondyle 

Trochlea 

Olecranon 

Capitate bone 

Hamate bone 

Radial epiphysis 

Triquetral bone 

Epiphysis of the thumb 

Lunate bone.. . ..... 

Trapeaium bone 

Trapezoid bone . ...... 

Scaphoid bone . 

Linar epiphysis .. . . 

Pisiform bone . . • ■ . 

Metaearpalbonell, phalanges IllandlV 
Epiphyses of remaining metaeatpal 
bones and phalanges I 

Epiphysis of the ruddle phalan* of the ' 
little finger . . . 

Head of the femur I 

Grestet trochanter 

Lester trochanter . . ! 

Distal femoral epiphysis 

Proximal tibul epiphysis 

tlead of the fibula 

Patella 

Caleaneum 

Talus 

Cuboid bone 

Lateral cuneiform bone 

Distal tibial epiphysis 

Distal fibulae epiphysis 

Medial cuneiform bone 

Intermediate cuneiform bone 

Niiiculit bone 

Caleaneum, posterior surface 

EpiphyKS of the metatarsal bones . 

Epiphyses of the phalanges of the foot 

Centre not always present 



rapid and uninterrupted the onset of puberty will be early, and 
tire versa In a similar way the time of appearance end scare of 
devtlopmeftt of the various ossification centres are directly related 
to the individual’s eventual height Thus from the age of 6 years 



''***«<»«/«/ rsarfmm. ^ 

IS fat u 


si» months of the commencement of ossification of the apophpi 
of the iliac crest 


Pit» 

tudiiul growth ar 
latter 

lUrcivnccs 


abnormaliy t^id.'^h^for^’^^'"' 


•andlongi- 
so than the 


Conditions an which it is Important Co determine bone age 
w This IS marked by a distinct delay in the appear- 
ance of the ossification centres Serial determinations of bone age 
should accompany treatment Fjcessivcly rapid skeletal develop- 
ment involves the danger of dwarfism ’ 

PiliuljryJrarfirm Bone age and longitudinal growth art delayed 
to the same extent 

Pri^tfrJ al iwarfism Longitudinal growth is delayed but ossafi- 
ea'ion remains practically normal for the child’s age 
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Wetghfs of the Organs 


Orpan wclRhts at various ages (in grammes) > 



1 Lungs 

1 nmm 

) Heart 

j Kidneys 

j Liver 

1 Spleen 



Men 

1 Women 

Men 

Women 

Men 

Women 

Men 

Women 

Men 

\X'omcn 

Men 

1 Wo: 

Newborn 

51.7 


353 

347 

19 

20 

24 

24 

124 

125 

g 

1 


68.8 

63.6 

435 

411 








1 

3-6 months 

94.1 

93.3 

600 

534 









f)-9 montlis 

128.5 

114.7 

1 r.. 










9-12 months 

142.4 

142.1 

877 

726 

41 

36 

60 

52 

300 

240 

26 

2 

1-2 yc.ars 

170.3 

175.3 

971 

894 

54 

48 

72 

65 

400 

390 

35 

3 

2-3 years 

245.9 

244.3 


1012 


62 

85 

75 

460 

450 

42 

4 

3-4 yc.ifs 

WSiu 

265.5 


1076 

73 

71 

93 

84 

510 

500 

48 

4' 

4-5 years 

314.2 

311.7 

1290 

1156 

83 

80 


93 

555 

550 

53 

5: 

5-6 yc.irs 

260.6 

319.9 

1275 

1206 

95 

90 

106 

102 

595 

590 

58 

5' 

6-7 years 

399.5 

357.5 

1313 

1225 


100 

112 

112 

630 

635 

62 

6: 

7-8 years 

365.4 

404.4 

1338 

1265 

110 

113 

120 

123 

665 

685 

64 

6 : 

8-9 years 

405.0 

382.1 


1208 

122 

126 

128 

135 

715 

745 

68 

71 

9-10 years 

376.4 

358.4 

1360 

1226 

132 

140 

138 

148 

770 

810 

73 

71 

10-11 years 

474.5 

571.2 

1378 

1247 

144 

154 

150 

163 

850 

880 

82 

8' 

11-12 years 

465.6 


1348 

1259 

157 

168 

164 

180 

950 

960 

91 

93 

12-13 years 

458.8 

681.7 

1383 

1256 


188 

178 

195 

1050 

1080 

101 

103 

13-14 years 


602.3 

1382 

1243 


207 

196 

210 

1150 

1180 

111 i 

112 

14-15 years. 

692.8 

517.0 

1356 

1318 

238 1 

226 


222 

1240 

1270 

121 1 

120 

15-16 years 

691.7 

708.8 


1271 

258 1 

238 


230 

1315 

1330 

135 1 

127 

16-17 years 

747.3 

626.5 

1419 

1300 

282 1 

243 

244 

236 

1380 

1360 

145 1 

134 

17-18 years 

776.9 

694.5 

1409 

1254 


247 

260 

240 

1450 

1380 

152 i 

140 

18-19 years 

874.7 

654.9 

1426 

1312 

EEH 

250 

270 

244 

1510 

1395 

157 j 

146 

19-20 years 


785.2 


1294 

318 

251 

282 

247 

1580 

1405 

160 

151 

20-21 j'cars 

953.0 

792.8 

- 1 

' 1 

322 

252 

290 

248 

1630 

1415 

162 ! 

1 

155 


Weights of endocrine organs (in grammes) (values are for both sexes) ’ 



Adre- 

nals 

Pitu- 

itary 

Thy- 

mus 

Pan- 

creas 

1 Thy- 
j roirl 


j Adre- 
j nals 

1 Pitu- 
) itary 

Thy- 

mus 

Pan- 

creas 

1 


9.04 


10.9 

2.77 

2.09 

2-4 years 

1 

1 - 


19.44 

_ 

2-14 days 

5.19 

- 




2-5 years 

j 4.71 

o' 

- 


- 

0-1 month . . 

- 

- 

- 

2.42 

- 

3-5 years, . . . 

j - 


28.0 

— ' 

- 





2.63 


4-6 years 

_ 


_ 

22.44 1 

5.24 

0-3 months. . 





1.71 

6-8 years. 

_ 


- 

28.46 

7.05 

2-3 months 



_ 


4.46 


5-10 years. . . 

5.19 

0.257 

28.5 


- 

0-6 months. . 

— 

0.113 


- 

- 

8-10 years 



! 

26.53 I 

9.30 


3.91 



5.38 

2.11 

10-12 years 

_ 


_ ' 

29.25 ; 

S.69 

1 day to 





12-14 years 


_ j 

- ' 

_ 1 

14.82 

12 months. . . 

- 

~ ! 

19.5 j 

- 

- 

10-15 years. . 

7.00 

0.380 ( 

29.5 . 

- j 

- 


4 7^ 

0.127 

- 

9.24 

2.04 



_ 

— 

— j 

14.48 



0.148 j 


13.54 

2.53 

16-18 years 

_ t 

__ 

- 



16.62 

1-3 years 



23.0 ! 



15-20 years. , 

10.00 

0.556 1 

21.0 1 

68.33 i 

- 

2-3 years 

— 

- 


- 

3.40 

18-20 years 

- 

- 

- 

- 1 

18.33 



i 

i 



20-25 years. . 



18.6 1 

i. 



Weights of reproductive organs (in grammes) ' 



Testes 

Testes and 
epididymides 

5emina/ 

vesicles 

Prostate 




0.85 

0.91 

0.050 

0,82 


1.03 

1.33 

0.052 

0.9 

1-2 years .... 

1.48 

1.82 


1.2 

2-4 years. . . . 

1.64 

1.76 


1.1 

4-7 years 

1.67 

2.24 

- 

0.099 

0.120 

1.3 

1.9 


2.00 

4.00 

7-14 years... 

6.96 

8.15 

- 

3,3 


15.56 

19.3 

0.900 / 



- 

32.0 

( 


14-20 years.. 
20-30 years 

34.66 

J 

— t 

t 

16.6 

— 




Ovaries 

0.33 

0.62 

0.84 

1.12 

1.90 

3.30 


6.03 

10.71 


Uterine 

tubes 

0.29 

0.26 

0.29 


0.49 


1.05 

2.13 


Uterus 

3.90 

1.42 

1..50 

2.30 
2.80 

4.30 


32.50 

40.50 
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Weights of the Organs 


Yiu 


OrRan weights nt various ages (in grammes) ' 



Lungs 

Brain 

Heart 

Kidneys 

1 Liver 

1 Spicer 


^^cn 

Women 

Men 

Wotnen 

Men 

Women 

Men 

Women 

Men 

j Women. 

Men 

|w 

Newborn 

51.7 

50.9 

353 

347 

19 

20 

24 

24 

124 

125 

8 

i 

0-3 months 

68.8 

63 6 

435 

411 









3-6 months 

94.1 

93!3 

600 

534 





_ 

_ 


i 

6-9 months 

128.5 

114.7 

1 









1 

9-12 months 

142.4 

142.1 

1 877 

726 

41 

36 

60 

52 

300 

240 

26 


1-2 years 

170.3 

175.3 

971 

894 

54 

48 

72 

65 

400 

390 

35 

j 

2-3 years 

245.9 

244.3 

1076 

1012 

63 

62 

85 

75 

460 

450 

42 


3-4 years 

304.7 

265.5 

1179 

1076 

73 

71 

93 

84 

510 

500 

48 


4-5 years 

314.2 

311.7 

1290 

1156 

83 

80 

100 

93 

555 

550 

53 


5-6 years 

260.6 

319.9 

1275 

1206 

95 

90 

106 

102 

595 

590 

58 


6-7 years 

399.5 

357.5 

1313 

1225 

103 

100 

112 

112 

630 

635 

62 


7-8 years 

365.4 

404.4 

1338 

1265 

110 

113 

120 

123 

665 

685 

64 


8-9 years 

405.0 

382.1 

1294 

1208 

122 

126 

128 

135 

715 

745 

68 


9-10 years 

376.4 

358.4 

1360 

1226 

132 

140 

138 

148 

770 

810 

73 


lO-lli' years 

474.5 

571.2 

1578 

1247 

144 

154 

158 

165 

658 

668 

82 

' 

11-12 years 

465.6 

535.0 

1348 

1259 

157 

168 

164 

180 

950 

960 

91 


12-13 years 

458.8 

681.7 

1383 

1256 

180 

188 

178 

195 

1050 

1080 

101 

11 

13-14 years 

504.5 

602.3 

1382 

1243 

202 

207 

196 

210 

1150 

1180 

111 

i: 

14-15 years 

692.8 

517.0 

1356 

1318 

238 

226 

212 

222 

1240 

1270 

121 

i: 

15-16 years 

691.7 

708.8 

1407 

1271 

258 

238 

229 

230 

1315 

1330 

135 

i; 

16-17 years 

747.3 

626.5 

1419 

1300 

282 

243 

244 

236 

1380 

1360 

145 

i; 

17-18 years 

776.9 

694.5 

1409 

1254 

300 

247 

260 

240 

1450 

1380 

152 

1^ 

18-19 years 

874.7 

654.9 

1426 

1312 

310 

250 

270 

244 

1510 

1395 

157 

i.i 

19-20 years 

1035.6 

785.2 

1430 

1294 

318 

251 

282 

247 

1580 

1405 

160 

15 

20-21 years 

953.0 

792.8 

- 

- 

322 

252 

290 

248 

1630 

1415 

162 

15 


Weights of endocrine organs (in grammes) (values are for both sexes ) ' 



Adre- 

nals 

Pitu- 

itary 

Thy- 

mus 

Pan- 

creas 

Thy. 

roid 

Newborn 

9.04 

_ 

10.9 

2.77 

2.09 

2-14 days 

5.19 

- 

- 

- 

- 

0-1 month . . 

- 


- 

2.42 

- 

1-2 months 

- 

- 

- 

2.63 


0-3 months. . 

_ 

- 

- 

- 

1.71 

2-3 months 

- 

- 

- 

4.46 

- 

0-6 months . . 


0.113 


- 

- 

3-6 months 

1 day to 

3.91 

- 

- 

5.38 

2.11 

12 months. . . 

- 

- 

19.5 

- 

- 

6-12 months 

4.73 

0.127 

_ 

9.24 

2.04 

1-2 years 

3.56 

0.148 

_ i 

13.54 

2.53 

1-3 years 

- 

- 

23.0 

- 

- 

2-3 years 





3.40 




I Adre- 

Pitu- 

Thy- 

Pan- 

Th: 



1 nals 

itary 

mus 

creas 

1 roi 

2-4 years. . 



! - 

_ 

19.44 

1 

2- 

5 years .... 

4.71 

0.194 

- 



3- 

5 years. . . . 

- 


28.0 

- 


4-6 years. . 
6-8 years. . 



: 

- 

22,44 

28.46 

5.i 

7.C 

5- 

10 years. . . 

5.19 

0.257 

28.5 



8-10 years. 


- 

- 

- 

26.53 

9.3 

10-12 years 


- 

1 

- 

29.25 

t>.6 

12-14 years 


- 

_ i 

- 

- 

14.8 

10 

-15 years. . 

7.00 

0.380 ! 

29.5 

- 

— 

14-16 yc.ars 


- 

- 1 

1 

- 

14.4 

16-18 years 


- 


- ■ 

- 

16.<> 

15 

-20 years . . 

10.00 

0.556 1 

21.0 1 

68.33 

-■ 

18-20 years 

- 

J 

— t 

- 

18.3. 

20 

-25 years . . 

- 

- ! 

18.6 , 

/ 



Weights of reproductive organs (in grammes) ' 



Testes 

Testes and 
epididymides 

Seminal 

vesicles 

1 

Prostate 

i_ 

Ol'arics 



Newborn 

0.85 

1.03 

0.91 

1.33 

0.050 

0.052 

0.82 j 

0.9 1 

0.33 

0.62 

0.84 

1.12 i 

1-2 years 

1.48 

1.82 


1.2 1 

2-4 years 

1.64 

1.76 


1.1 1 

4-7 years .... 

1.67 

2,24 

0.099 

0.120 

( 

1.3 



2.00 

4.00 

I 


7-14 years. . . 

6.96 

8.15 

- 

0.900 

3.3 i 



15.56 

19.3 




_ 

32.0 



6.03 

1 4-28 y cats. . 
20-30 years 

34.66 

. 


16.6 ; 

10.7 \ 


Uterine j u,cn„ 

tubes I 

0.29 i 3.90 

0.26 I I ••♦2 

0.29 I 1-30 

I 

: 2.30 

I i 2.S0 


0.49 j •^■30 


1.05 ' 32.50 

2AS 49.50 
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Desirable Weights of Adults' 



Ilcigllt 

I Desirable weight in pounds and kUogramtms (in indoor clothing), ages 25 and 

over 












Small frame 

Medium frame 

Large frame 

ft 

in 

tm 

lb 

As 

lb 


lb 

i ' 

Men 

5 

2 

157.5 

112-120 

50.8-54.4 

118-129 

53.5-58.5 

126-141 

1 57.2- 

5 

3 

160 

115-123 

52.2-55.8 

121-133 

54.9-60.3 

129-144 

! 58.5- 

5 

4 

162.6 

118-126 

53.5-57.2 

124-136 

56.2-61.7 

132-148 

i 59.9- 

5 

5 

165.1 

121-129 

54.9-58.5 

127-139 

57.6-63 

135-152 

1 61.2- 

5 

6 

167.6 

124-133 

56.2-60.3 

130-143 

59 -64.9 

138-156 

1 62.6- 

5 

7 

170.2 

128-137 

58.1-62.1 

134-147 

60.8-66.7 

142-161 

i 64.4- 

5 

8 

172.7 

132-141 

59.9-64 

138-152 

62.6-68.9 

147-166 

\ 66.7- 

5 

9 

175.3 

136-145 

61.7-65.8 

142-156 

64.4-70.8 

151-170 

i 68.5- 

5 

10 

177.8 

140-150 

63.5-68 

146-160 

66.2-72.6 

155-174 

I 70.3- 

5 

11 

1S0.3 

144-154 

65.3-69.9 

150-165 

68 -74.8 

159-179 

i 72.1- 

6 

0 

182.9 

148-158 

67.1-71.7 

154-170 

69.9-77.1 

164-184 

1 74.4- 

6 

1 

185.4 

152-162 

68.9-73.5 

158-175 

71.7-79.4 

168-189 

; 76.2- 

6 

2 

188 

156-167 

70.8-75.7 

162-180 

73.5-81.6 

173-194 

j 78.5- 

6 

3 

190.5 

160-171 

72.6-77.6 

167-185 

75.7-83.5 

178-199 

1 S0.7-: 

6 

4 

193 

164-175 

74.4-79.4 

172-190 

78.1-86.2 

182-204 

1 82. 7 

\ 

Women 

4 

10 

147.3 

92- 98 

41.7-44.5 

96-107 1 

43.5-48.5 

104-119 

^ 47.2-1 

4 

11 

149.9 

94-101 

42.6-45.8 

98-110 1 

44.5-49.9 

106-122 

; 48.1-1 

5 

0 

152.4 

96-104 

43.5-^7.2 

101-113 { 

45.8-51.3 

109-125 

\ 49.4-3 

5 

1 

154.9 

99-107 

44.9-48.5 

104-116 j 

47.2-52.6 

112-128 

! 50.8-3 

5 

2 

157.5 

102-110 

46.3-49.9 

107-119 1 

48.5-54 

115-131 

I 52.2-5 

5 

3 

160 

105-113 

47.6-51.3 

110-122 ! 

49.9-55.3 

118-134 

I 53.5-6 

5 

4 

162.6 

108-116 

49 -52.6 

113-126 1 

51.3-57.2 

121-138 

54.9-6 

5 

5 

165.1 

111-119 

50.3-54 

116-130 1 

49 -59 

125-142 

' 49.4-6 

5 

6 

167.6 

114-123 

51.7-55.8 

120-135 

54.4-61.2 

129-146 

, 58.5-6 

5 

7 

170.2 

118-127 

53.5-57.6 

124-139 

56.2-63 

133-150 

60.3-6. 

5 

8 

172.7 

122-131 

55.3-59.4 

128-143 ! 

58.1-64.9 

137-154 

62 J -6. 

5 

9 

175.3 

126-135 

57.2-61.2 

132-147 

59.9-66.7 

141-158 


5 

10 

177.8 

130-140 

59 -63.5 

136-151 

61.7-68.5 

145-163 

65.8-7, 

5 

11 

180.3 

134-144 

60.8-65.3 

140-155 ■ 

63.5-70.3 

149-168 

67.6-7i 

6 

0 

182.9 

138-148 

1 

62.6-67.1 

144-159 1 

i 

65.3-72.1 

153-173 

69.4-7. 

^ Weights of insured persons in the United States associated with lowest mortality {Statist. BuILMttrop. Life Insar.Co.^ 40, Kov.-Dcc. 1959). 
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. . .—1 nf Ham*n Menotiaus 


of psrticulaf emymes 


Human Pituitaty Gonadotropin {NiH-HPO-UbJ ol the Nations 


(Ed ), AlttiMime t/}ltrmet NATO Ad»anctd Study 

Aademie yck, 1965 


ffiunact Pituitary Gonadotropin; An Ifiternafiotial Reference Prep 
iration » in course of deTcIopnietit 


tropins of (lie antorlor plluUary’-a 

silmulsKng hormone 
Ihcle-tipening hormone) 

:lng hormone 

tstitial etll-itimuUting hormone •• ICSH, cotpu* luteimt- 
hormone) 


CoiiMTiionfattorifer rtfertHceprtparaUo„, mg or lU equiTalent t( 
tmg of2fidIRP-HMG)« 


^ AyfinaKSf ptfpttiCKV] 

FSM‘ 

' LH— 

2ndlRP-HMG 

1 

\ 

Ist IRP-HMC 

56 

16 

NMI-FSH-Sl 

031 


NUl-LH-Sl 

- 

0.00S3 

International Unit 

g 

g 

• AaMyeJ bf ibe ova/iajj augmeetitwa jft„hod fa rsdenij 
•• /stayed by the tat ovstian stcorbie ic,d depleoon method 


There w a eonriderable literature on the away and extraction o 
gonadotropim m body Th* following methods are ii 

common vac 


re/e/^We^^f^efiiw/^_IneKaK^i,j ,he weight of the uteru* u 


»/ urtekf humjn itnaJcmpm prtpdrttmt* 


1 

rStl pteyintions | 


(lU/mg) 

1 Ulconteni 1 
1 (tWmg) 

1 P<«p»»td 

1 

tary j 

' 1000 1 

' <10 j 

‘ Birft 

opausa! j 

59? 

It 1 

1 DortiNi 


7g9 

< 0 03 ' 

i Sftvsa,, 

; urine 

' 59 5 

1 

24 2 ] 

j Do^isii 

Otigm 

1 Ulpreparatram 


Activity 

lUVn'i) , 

1 rstl toaieot 

] /lVMjt> , 

I Ptrpaiej 

by 

itary 

7500 1 

<' 1 


sopausal unne 

447 

18 9 ' 

DoNnifi 

le urine 

53 6 

67 ) 

DomC] 


L^ aaniv uiv«4»u ui .eiiiui g,g,gai ui imiiiatuti 

hypophy»«bomi«d rats t ' . depletion of ovarian ascorbic acid fa oi 
eholesietol'* in pseudo-ptegnant imnijmfj rats after mtravenou' 


teruof itronuaologial methods for l:^,h hormones remain ,o be 
established “ ^ 

Biosynthesis, secretion, ineiaboltsr„ 


, methoq, or assay 

' followuig tefertnee preparations are available* 
'f™*"OfialReferencerreparjtionornumanMenopaiisa)rjo, 
idotfopin (iRp.ftMC). known previously as HMG.Z4 
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Gonadotropins of the Anterior Pituitary 


have been detected in the urine of prcpubcral children*®. In wom- 
en, Ronadotropin excretion shows characteristic fluctuations during 
the menstrual cycle with a maximum during the ovulatory phase 
shortly before the rise in basal temperature**. LH is present in the 
urine in all phases of the cycle and like total gonadotropin excre- 
tion rises to a maximum at midcycic*®-*®. FSH is also found in the 
urmc in all phases of the cycle but the excretion is not subject to 
any marked rhythmic change*®***. After the menopause gonado- 
tropin excretion is increased, with wide daily variations, as a result 
of the almost complete cessation of ovarian oestrogen secretion*'. 
In male urine FSH and LH arc present in about the s.amc propor- 
tion as in menopausal urine*®. 


To! at gonadolropin txcrelion in urine 



Mean 

Range 

S 

Refer- 

ence 

mg lat lRP-HMG/24 h 

Men, 18-40 years 

7.7 

3.8-18.1 

— 

47 

Women, 18-35 years 

4.9 

2.7-7. 1 

- 

47 

Girls, 14-15 years 

0.8 

- 

- 

47 

Girls, 10 years 

0.3 

- 

- 

47 

Boy, 8’/! years 

0.5 

- 


47 


U 1st IRP-HMG/24 h 


Women, menstruating 

9.0 

3.0-15.7 

- 

48 

Women, proliferation phase . 

9.2 

2.8-30.4 

- 

48 

Women, ovulation phase . . . 

10.5 

2.8-31.6 

- 

48 

Women, luteal phase 

7.4 

2.9-14.9 

- 

48 

Women, postmenopausal . . . 

76 

35-158* 

- 

43 

Men, 20-60 years 

11 

5-23* 

- 

SO 

♦ 9S range. 


Gonadotropin assay in urine enables primary gonadal insuffi- 
ciency (increased excretion) to be distinguished from secondary 
gonadal insufficiency due to disturbance of pituitary function (de- 
creased excretion). 

The urine of both children and adults contains a gonadotropifi- 
inhibiting factor, but the precise physiological significance of this 
substance is not known**''**. 


Regulation of gonadotropin secretion. Gonadotropin secretion is 
regulated by neurohumoral factors from the hypothalamus, the 
so-called ‘gonadotropin-releasing factors’ (GRF)**. These reach 
the cells of the anterior lobe of the pituitary via the portal circula- 
tion of the gland*'*. At present the best-known factor is LH-RF, a 
polypeptide of molecular weight between 1200 and 2500*®. When 
given to rats this factor causes a rise in the plasma LH level*®. 
Formation of LH-RF is inhibited by oestrogens and, at high dos- 
age. by progesterone and testosterone*®. Direct inhibition of LH 
release through the action of oestrogens on the pituitary may also 
occur** Inhibition of FSH-RF formation appears to require larger 
amounts of oestrogens than that of LH-RF formation*® and is also 
caused by testosterone*®. The regulation of gonadotropin secre- 
tion is subject to the influence of nervous impulses of centwl and 
nerioheral origin -**. '".The interaction of the gonadal steroids with 
the hypothalamus and pituitary not only takes the form of a nega- 
tive feedback mechanism but in some circumstances may result in 
stimulation of these glands (positive feedback)*. *. 


i^cal activity 

c gonadotropins act directly on the gonads of both sexes and 

mtial ovarian 'Xof The interplay 

, reduction course of the mcn- 

,e various ° ^ Together with LH, FSH 

,1 cycle std' secretion ff oestrogens. Sudden 


their use in ovulation-inhibiting preparations. Adminis) 
FSH preparations from the human pituitary tissue fol 
HCG has repeatedly been shown to induce ovulation 
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Corticotropin 


Corticotropin''^ 

(cotticotropic hormone, ftdrcnocorticotropm, adrenocorticotropic 
hormone « ACTH) 

Chemistry 

The cofticoifopins isolated from the pituitary gland of various 
animal species arc all single-chain peptides made up of 39 amino- 
acid residues. Structurally very similar, they differ only in part of 
the amino-acid sequence of the molecule (see the table below). 
The structure of the P-corticotropin from pigs was elucidated in 
ISSd'*, and in 1963 its complete synthesis was reported®; it has a 
molecular weight of 4567. In the pituitary, ACTH probably occurs 
not only in the free slate but also in a protein-bound form®. In 
1967 the amino-acid chain characteristic of human o-ACTH was 
synthesized •••*. 

Possession of the complete amino-acid chain of the natural 
hormones is not an essential condition for corticotropic biological 
activity; very active peptides have been synthesized containing 
only the first 20-24 amino-acid residues of ACTH. Part of the 
amino-acid sequence of the corticotropins is identical with part 
of the sequence in the mclanotropins (see page 721), and in fact the 
corticotropins have some melanocyte-stimulating activity .Whereas 
the biological activity of ACTH tests in. the first 20-24 amino acids, 
it is the remaining part of the ehain that is responsible for the im- 
munological properties''. An ectopic ACTH is formed by some 
nonpituitary tumours and has been shown to be very similar to 
pituitary ACTH both chemically and immunologically®. 

Z.ipolropin 

During the isolation of ACTH from the pituitary two further 
biologically active peptides have recently come to light.Thesc were 
found to consist of 59 and 90 amino-acid residues respectively and 
on account of theit lipolytic activity have been named y- and p-Upo- 
tropins (lipotropic hormone, LPH) LPH possesses only slight 
cotticotropic activity but resembles ACTH in melanocyte-stimu- 
lating activity. 

Units, methods of assay'®'" 

1 International Unit (lU) of cotticottopin is equal to 1 mg of 
1 3td International Standard (see page 762). Of the many meth- 
of determining the hormone, those most suitable for clinical 
are the ascorbic acid depletion test of Sayers et al. 
.diminution in the ascorbic acid content of the adrenals of hypo- 


physcctomizcd rats after administration of ACTH) and the 
Lipscomb and Nelson'® (increase in the corticosteroid cont 
the adrenal cortex of hypophysectomized rats after administ 
of ACTH). The activity of ACTH preparations can also be 
mined by the in vitro method of S affran and Schali-t ' ■* (cc 
steroid formation in adrenal preparations from rats). Radio! 
nological methods of determining ACTH in body fluids 
recently been described '®. 

Biosynthesis, secretion, metabolism 

The site of ACTH formation in the pituitary is not known 
certainty, but it is probably the chromophobic p’ cells of tl 
tetiot lobe '®, though the hormone is also found in the basopl 
ceils of the anterior and posterior lobes of the gland ACT 
been shown to be already present in the pituitary of the 16 \ 
foetus'®. The adult pituitary contains 7-38 lU of ACTH®. 
on the ACTH content of blood vary with the methods of t 
mination and extraction; recent work'®'®® indicates that the I 
level in man at rest lies between 1 tnlU and 10 mlU per litre pi: 
Radioimmunoassay has shown plasma levels of 10-80 ng/1 (in t 
of porcine ACTH ; 1 mlU r; 10 ng) ' ®.The level is higher in stre 
in untreated adrenocortical insufficiency, in the advanced : 
of Cushing’s disease and particularly following bilateral adr 
cctomy ' 0. " • ®®. In man, the blood level at rest is subject to a 
and-night rhythm, with higher values in the morning and li 
values in the evening ®®’ ®®. Little is known of the fate of the A< 
circulating in the blood; exogenous ACTH is reported to h: 
half-life of S min or less®'', and in rats 75% of the endogenous 
culating hormone was found to have disappeared within 3 mi 
Peptidases, which may be responsible for the breakdown of AC 


Variation of the cortisol and ACTH contents of the plasma a-Uhaff^ 



Cortisol (pg/J) 

ACTH (mIU/0 

Mean 

/ 

^^ean 

s 

1-5 years 

244 

64 

1.9 

0.8 

6-10 years 

193 

58 

1.6 

0.4 

11-15% years .. 

165 

66 

2.5 

1.2 

16-41 years .... 

164 

44 

2.2 

1.1 


Strsictiirt and biologisal activity of corticotropins 



Amino-add sequence* 

ACTH acfivitj- (IVjws] 
in vitrot | in tito'I' 


NH. 

I 



a-ACTH (cattle) 

Ser-lAj.Asp-Gly.Glu-Ala-Glu-Asp'Ser-Ala'Glu-fBl.phe 

1 25 26 27 28 29 30 31 32 33 39 

NH, 

140 


a-ACTH (sheep) 

1 

Scr-lAl-Ala-GIy-Glu-Asp-Asp'Glu'Ala-Scr'GIu-i^.phc 

1 25 26 27 28 29 30 31 32 33 39 

NH, 

177 

100-150 

a-ACTH (pig) 

1 

.Ser-j^-Asp-GIv-Ala'Glu-Asp-Glu-Leu-Ala'Glu-iBl-Phc 

90-150 

80-150 

\ (cotticottopin A**, P-coiticotiopin) 

I 25 26 27 28 29 30 31 32 33 39 

( 


NH, 



'•'-AUni (man) 

Sct-lAl'Asp-Ala-Gly-Glu-Asp'Glu'Ser'Ala-Glu.[B]-Phc 

1 25 26 27 28 29 30 31 32 33 39 

52 ! 

j 

26 

^ ra'YJ/'.trffirt (synthetic) 

y.- . - 

As a-ACTH (pig) | 

~ ! 

115 

* e\f 
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Thyrotropin - Prolactin 


Thyrotropin'-^ 

(thyrotropic hormone, thyroid-stimulating hormone = TSH) 
Chemistry^ 

Bovine and human thyrotropins arc glycoproteins of molecular 
vjcight ca, 28000 ; in addition to amino acids the molecule contains 
glucosamine, galactosamine and mannose. A highly purified but 
unstable preparation from the human pituitary had an activity of 
20 lU/mg^. Bovine TSH is biologically active in all vertebrates but 
the activity varies -with the species. A substance similar to TSH has 
been isolated from mammalian pituitaries and given the narnc 
hetctothytotcopic factor (RTF)'*; it has little TSH activity in 
■ ~ ' but is highly active in fish. 


■ ■ ' Unit (lU) is equal to 13.5 mg of the 1st Intcrna- 

.a(seepage762).llU = lUSPUnit=ca.lOJuNKMANM- 
' - Units (JSU). 

. X of assay 

TSH activity can be determined in vivo or in vitro by means of 
the histological or physiological effects on the thyroid. In vitro 
methods in common use arc those of Bakke ct al. ® (weight change 
of thyroid slices) and of KiRKHMt^ and Bottari ct al.® (release of 
”'l from thyroid slices). In body fluids, TSH concentration can 
now also be measured by radioimmunoassay®. ’®. 

Biosynthesis, secretion, metabolism 

TSH is formed in the basophile B’-cells of the antetior pitu- 
itary”. The rate of secretion is regulated by the concentration of 
thyroid hormone in the circulating blood through a negative feed- 
back mechanism (see page 727), a rise in the blood level of free 
thyroxine depressing TSH secretion, a fall accelerating it. Regula- 
tion of TSH secretion involves a neurohumoral mechanism depend- 
ing on the formation of a thyrotropin-releasing factor (TKF)'®. 
This neutohormone, probably a weakly basic polypeptide ' ®, is se- 
creted by the nuclei of the anterior hypothalamus and discharged 
into the portal arteries of the anterior pituitary, where it stimulates 
the release and possibly also the synthesis of TSH ' In adults the 
rate of secretion of TSH has been estimated at 50-225 ng/24 h ’®, 
corresponding to a half-life for TSH of 39-68 rain. 

SirumTSH Imh.Thczt is disagreement over the absolute levels®-®. 
Serum concentrations of less than 3 ug/1 have been measured by 
radioimmunoassay in 50 euthyroid subjects, lOhypophysectomized 
subjects and 12 pregnant women®; in the same study the levels in 
patients with hypothyroidism were 3-100 times higher, in those 
with hyperthyroidism within the normal range. The serum level in 
children is the same as in adults '®'®® but higher in the newborn®® 
and old people'®. The high plasma levels in hypothyroid patients 
ate due to prolonged survival of TSH in the circulation and in- 
creased pituitary secretion of the hormone '®. 

Whether TSH is excreted in measurable amount in the urine is 
still uncertain. 

Long-acting thyroii stimulator {=> LATS ; thyroid-stimulating glob- 
ulin =TSG). This factor is probably involved in the pathogenesis 
of GRAtras’ disease'®.'®. In the bioassay of TSH its presence is 
revealed by the long duration of its stimulating action compared 
to TSH. LATS appears to be a YG-globuIin'®; it is formed in the 
lymphatic system and has a half-life in the rat of 7 Vs h'®. 

Exophthalmos is certainly not due to TSH and probably not to 
LATS; a possible cause is a substance secreted by the pituitary®® 
(EPS = exophthalmos-producing substance). 

Biological activity 

TSH brings about both histological and metabolic changes in 
the thyroid. The former comprise a diminution in the colloid 
content and enlargement of the epithelial cells, while under long- 
continued TSH stimulation the vessels become mote numerous 
and larger and the gland becomes hypertrophic. The metabolic 
changes appc.ar within 5-30 min of administering TSH®' and in- 
clude increased oxygen consumption, glucose oxidation, phospho- 
lipid turnover, RNA synthesis and sodium uptake as well as 
stimulation of the various steps in the formation and release of 
thyroid hormone, particularly the organic binding of iodine ®®, the 
formation of iodothyronincs from iodotyrosincs ®®, the liberation 
of thyroid hormone from thyroglobulin®.*, and the release of iodine 
from iodotyrosincs®®. The effects of LATS on the thyroid are 
similar to those of TSH but arc delayed”.®®. 
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Prolactin'.® 

(lactogenic hormone, lutcotropin, mammotropin, prolactin hor- 
mone = PH, lutcotropic hormone = LTH, lutcomammotropic hor- 
mone =LMTH) 

Chemistry 

Prolactin as isolated from the anterior pituitary of sheep, cattle 
and pigs is a polypeptide of molecular weight ca. 25000®.'*. The 
prolactin molecule from sheep and cattle contains 211 amino-acid 
residues arranged as a single chain®; that from pigs has a consider- 
ably higher cysteine content*'. 

WLcthcr a primate prolactin exists is still uncertain®. Growth 
hormone from man and monkeys has been shown to have pto- 
lactin-likc activity, and this activity is intrinsic to the growth 
hormone molecule. Other studies indicate that human growth 
hormone and prolactin arc potentially separable®. A high prolactin 
activity but low growth hormone activity has been demonstrated 
in a human pituitary tumour®', thus providing further evidence 
that the two hormones arc not identical. 

Lutcotropin, formerly thought to be a distinct hormone, is now 
regarded as identical with prolactin. 

Units, methods of assay 

1 International Unit (lU) is equal to 0.045 45 mg of the 2nd Inter- 
national Standard (see p.igc 762), obtained from the anterior pitu- 
itary of sheep. 

Biologieal array®.®.®. Proliferation test on. the pigeon crop®. De- 
termination of mammottopic activity in rabbits'® or mice’’. Dc- 
tertnination of lutcotropic activity in rats '® or mice '®. Immuno- 
logical methods have been devised ' * but have not yet found clini- 
cal application. 

Biosynthesis, secretion, metabolism® 

ProLictin is formed in the acidophilc cells (staining with aeo- 
catminc or ccythrosin) of the anterior pituitary. In mammals these 
cells exhibit increasing secretory activity during prcgn.incy and 
particularly lactation. Data on prolactin activity in the blood and 
urine of both men and women ate to be found in the literature but 
in view of the difficulties of hormone extraction and tktcrmin.ition 
they arc of questionable reliability®. 

Reguialion of prolactin secretion^. In contrast to its effect on the 
secretion of the other anterior pituitary hormones, the hypoth'!®* 



. growth Hormone 
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! The ilmilat effect produced by Urge doses of ptogeatef- 
ndiogens and corticosteroids is probably an indirect one 

glcat activity * 

rats and ituce, prolactin has a luteotropic effect turular to th?t 
gonadotropins, while Its mimmot topic and lactogenic effec** 


mammals, prolactin plays an important part in the growth 
nammary glands. In ovateeeomized rats, administration 
ictin together with growth hormone results in comple** 


inues as a result of the suckling stimulus, so that lactation 
itained 

I male guioea-piga and tats, ptolaetin has been reported 
t»te the growth of the prostate and tetninal vesicles, but tK 
uelogical rale played by the hormone In the male animal r** 
IS obscure. 

iman, prolaeiin from sheep has effects iimilit to those of growth 
none of human otisin**. 


HGfl is fiirly stable, so that picuitaties removed at autopsy can 
be kept for months with little loss of activity if stored in acetone 
or at very low temperature Hotmone isolated by the usual meth- 
ods IS not homogeneous and can be separated into components, 
for CKampIe by gel ffltra tJon * into two and by electrophoreais * /nco 
three components 

The growth hormones from different species also differ imtnu- 


Cr»»/A hormont from farmi ipeciei’* 



B(ol 

weight 

No of 

aeidt 

N terminal 
sequenec 

C terminal 
lequence 

I.P- 

triC 

Sheci} 

4780Q 

410 

Phe and.Ala. 

Thr Ala Phe 

68 

Ox .. 

4S000 

416 

PheAla-Tht-aoc 
Ala Phe Ala 

Cys Ala Phe 

68 

Pig. . 

41600 


Phe Pro Ala 

Cys Ala Phe 

63 

WTialc. 

30900 

340 

Phe Lys (?) 

Leu Ala Phe 

62 

Monkey 

25400 

220 

Phe-Thf (?) 

Ala G)y Phe 

55 

Man . 

21500 

188 

Phe Pro Thf 

Cys Gly Phe 

49 


Units, methods of assays 


CHINS and Bril, {{•rmoM Afuji tiJ Tit. r ?>«*'•••. in'* • 

arwjiiofle, EJmburrh. J9M 

^.105. 191 

a, 217 v*'43l. 

JIABWICS, A ,/ , J7. 253 (t«3) 

eoviM tnd_IUDri(u), Cawir, 8, 890 (1955) 


loditectly, growth hormone can be decermined by means of the 
dose-dependent incorporttion of tagged sulphur into the rib catti- 
lage of bypophyseciomiaed rats'* This method measures the *o- 
called sulpbaticvi Ticiot, » component of human serum not idepn* 
cal with HGH but closely related to ic 

Biosynthesis, secretion, metabolism 

Growth hormone is very probably formed in the acidophile »• 
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Growth Hormone 


The secretion of growth hormone is to some extent regulated by 
the hypothalamus, probably via the formation of a ‘somatotropin- 
releasing factor’ which stimulates the pituitary. In rats it has 
been shown that exogenous growth hormone inhibits endogenous 
hormone secretion, indicating the existence of a feedback mecha- 
nism 


Plasma Imls of p-oji'Sli hormont (ug/l) 



Mean 

Jlangc 

/ 

Refer- 

ence 

Cord blood 

49.7 


57.8 

36 

Children under 12 months. 

18.6 


12.5 

36 

Children, 1-8 years 

8.5 

- 

7.8 

36 

Children, 9-10 years 

2.8 

- 

2.8 

36 

Adolescents, 11-17 years . . 

14.0 

- 

13.4 

36 

Adults, hospitalized 

0.55 

- 

0.68 

36 

Women, lactating 

4.5 

- 

2.1 

36 

Women 

4.91 

0.9-10.6 

3.32 

37 

Men 

0.27 

0.1-0.7 

0.14 

37 


PhysiologUal tfftets cj gron'th homont^^ 


Protein metabolism 

Increased protein synthesis 

Nitrogen retention* 

Phosphorus retention* 

Potassium retention* 

Diminished urea excretion* 

Increased intracellular amino-acid trans- 
port 

Increased protein synthesis at ribosomes 

Lipid metabolism 

Intracellular lipolysis 

Increased free fatty acid level in plasma* 
Increased oxidation of fats* 

Increased ketogenesis in diabetics* 

Carbohydrate 

metabolism 

Exacerbation of diabetes* 

Reduced response to insulin* 

Diminished conversion of glucose into 
fat in fatty tissue 

Mineral metabolism 

Calcium metabolism 

Increased intestinal absorption* 

Increased urinary excretion* 

Sodium retention* 

Phosphorus retention* 

Increased blood-phosphate level* 

Increased scrum alkaline phosphatase 
level* 

Organs and tissues 

Acromegaly 

Connective tissue 

Stimulation of chondroitin sulphate 
synthesis 

Stimulation of collagen synthesis 
Increased excretion of hydroxy- 
prolinc* 

Increase in volume of interstitial fluid 

* Demonstrable in man 

after administration of growth hormone. 


Biological activity 

In man, as in other animal species, the body has a sped 
quirement for growth hormone. In 6-wcek-old rats hype 
cctomy causes immediate cessation of growth, which rccomn 
immediately when the hormone is administered and continu 
as long as the medication is continued. In children with pit 
hypofunction growth is often retarded in even the first y 
lifc^® and then slows down greatly in the subsequent year: 
ministration of HGH to individuals with dwarfism due to 
cicncy of this hormone causes them to grow normally or 
faster than normal^®, but animal growth hormone is inacti 
this respect. One reason why hypopituitary dwarfism in some 
does not respond to doses of HGH is probably the formati 
antibodies against the preparation used^®. For the therapeutic: 
cations of growth hormone see the literature^'®'. Usslske ans 
steroids, growth hormone causes no acceleration of the mattir 
of bone. 

Growth hormone has many other effects on metabolism 
from that on growth, as shown in the table on this page. 

Growth hormone has an anabolic effect on protein metabo 
with consequent decrease in urinary nitrogen excretion. The 
nitrogen retention may increase initially to 3-5 g®®, whereas g 
ing children, for instance, require only 0.2 g nitrogen per 
Protein synthesis is probably stimulated via the ribosomes, 
sumably through promotion of messenger-RNA synthesis®®, j 
insulin acts synergistically. 

The modifications of lipid metabolism consist of a rcductic 
fat synthesis and mobilization of depot fat. The free fatty- 
content of the blood increases. 

Single doses of the hormone have an effect similar to tha 
insulin, namely a fall in the blood-sugar level. Over longer per 
and at higher dosage, however, growth hormone reduces glu^ 
tolerance and causes hyperglycaemia and ketosis (diabetog 
effect). 

Changes in mineral metabolism due to growth hormone C' 
prise retention of sodium, phosphorus, potassium and usually 
cium. In the kidneys the rates of glomerular filtration, plasma f 
and phosphate reabsorption are increased. 

In cartilage, growth hormone stimulates the proliferation 
columnar cells, the incorporation of phosphate and the synth 
of collagen. 

In experimental anim.ils, human growth hormone has effi 
simil.tr to those of prolactin. 
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ihmne* 

HPL can be determined radioimmunologieally in tiaaue eattaett 
and body fliiida* *016 aite of na ptodoetion is ibe pUeenta'* and 
it li contained m the cytoplasm of the lyneytiottophoblist layer of 
this organ* The hormone can already be detected m the blood and 
urine in the first ttimeiter of pregnancy, with adeancmRj^statioo 
the plasma lesel rises and reaehes a maaimam at term*-* The nor- 
ma) ptiama level in the third inmester is d 8 ± 2 I mg/l'* High 
levels have been measured in diabetic pregnant women, low levels 


MelaitoUopIn’ 

(meUnocyte-stimulacing hormone •• MSH, melinophore hormone, 
chromatophore hormone, pigmeorhermone, intenneSin) 

Chemistry*'* 


irnKlars tud Magical Mintj tf ni/e<M{repiec** 



Amino-ach) sequence 




AetiTity 

(U/t)* 

' 

ACTIl 

Sec Ttc Sec Mel Ghi His Phe Arg Tep GIr Lys 

Pro 






12 

13 14 IS 15 17 18 19 








^viee. (quinc) 

CII.CO- Sec Tec Sec Mel Clo Hu Pl>e AcR Trp Cly Lys Pro 

Val Nil, 



12 J45«789I0 


12 

13 


8 MSil(poftin«) 

Aid OItt Cly Pro Tyc Lyr Met Glu Ills P|ie Aig Tep Cly 

Sec 

Pro 




1 2 3 4 5 6 7 9 9 10 11 12 15 


15 

16 17 18 


3 MMI (bo»'n<) 

Alp Set Cly Pro- Tyc Ln- Met Gla Hii Phe Arg Tep Cly 

Set 

Pro 






15 

16 17 18 


3 MSll (equine) 

Alp Clu Cly Pro Tyr Lys Met Ghi Ills Pbe Arg Trp Gly 

Set 

Pro 






IS 

16 17 18 


3 AISJi (huran) 

AlsCluLyrLys-AipCiuGlyPro Tyr Arg Met Ghi Ills Pbe Arg Tip Gly 

Ser 







19 

20 21 22 



•»rSrAdT!»LtlQ%"*'“"^ 0<«nm"8 ACTII potMnei «bwjt 1% of the icimty of ACTH .cetylaced « (he 
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Melanotropin - Oxytocin and Vasopressin 


eluding that of human P-MSH^' .The a-corticotropin-rcleasing fac- 
tors (see page 725) have a structure very similar to that of a-MSH. 

Units, methods of assay 

Methods of assay depend on the ability of the hormone to cause 
dispersion of the pigment (mainly melanin) in the melanocytes of 
amphibia. The test object is the frog-'-® or, in vitro, its skin«•^Thc 
iMet reacts to a concentration as low as 10*" mol MSH per litre*. 
The activity of MSH preparations is usually expressed in units based 
on the test of SmzuME et al. 1 unit being that amount with the same 
activity as 0.04 ug of the standard preparation of these workers. 

Biosynthesis and secretion 

MSH is probably formed in the polygonal cells of the inter- 
mediate lobe of the pituitary, which derives from Rathke’s pouch, 
though it is also present in the anterior and posterior lobes. In view 
of the structural relationship of MSH to ACTH it is likely that the 
former is also synthesized in the same type of anterior pituitary cell 
as the latter®. Melanotropie activity has also been detected in plas- 
ma extracts, with particularly high values in pregnancy'* '°.In both 
tissue and plasma extracts it has been possible to separate melano- 
tropic from corticotropic activity". Using a radioimmunological 
method, P-MSH concentrations of 20-90 ng/1 have been found in 
human plasma In frogs and rats there is evidence that MSH se- 
cretion is regulated by the blood level of MSH through a feedback 
mechanism; this mechanism probably causes the hypothalamus to 
release a factor inhibiting MSH secretion Melanotropie activity 
has also been found in urine; in women this varies during the course 
of the menstrual cycle and rises during pregnancy 

Biological activity 

In cold-blooded animals MSH causes rapid expansion of the mel- 
anocytes and dispersion of the pigment (melanin) in these cells, with 
consequent darkening of the skin. This reversible, physiological 
process of pigment regulation enables the animal rapidly to adapt 
itself to the colour of its surroundings. In birds and mammals the 
pigment content of the melanocytes controls the intensity of skin 
coloration, a slow process known as morphological pigment regu- 
lation in which the role played by MSH is still obscure. Pigment 
dispersion in frogs takes place in the melanocytes of the epidermis 
and dermis ; this effect is reversible, but only in the dermal melano- 
cytes, by the pineal-gland factor melatonin ’ ® (see page 730). Mor- 
phologically, the epidermal melanocytes of the frog are similar to 
those of mammals. MSH apparently increases pigment formation; 
thus the pigment content of frogs rises under long-term treatment 
with MSH, and in man daily injections of a-MSH result in hyper- 
pigmentation already visible on the second day Other effects of 
administering MSH to mammals arc hypocalcaemia, hyperiipacmia 
and increases in thyroid function, pulse rate and the permeability 
of the blood-aqueous barrier of the eye®* ", but whether these ac- 
tions occur at physiological levels of the hormone is not known. 

The mode of action of MSH is still obscure. Melanin dispersion 
is probably only a secondary effect of some direct change in the cell 
involving sodium and calcium Melanin is formed in the melano- 
cytes from tyrosine and oxygen (see page 440) in ribosomes con- 
taining o-diphenol oxidase, whereby these subccllulat particles un- 
dergo a gradual 'mclanization’. It is conceivable that MSH has some 
action on the enzyme o-diphcnol oxidase, but this has not been 
demonstrated '®. 
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Oxytocin'-® 

(pitocin, lactagogin) (for references sec page 725) 

Vasopressin'*® 

(pitressin, antidiurctin, antidiurctic hormone = ADH) 
Chemistry*' 

As isolated from the posterior pituitary of various species 
hormones oxytocin and vasopressin arc cyclic polypeptides i 
up of 9 amino-acid residues, one disulphide bridge and one ti 
nal amide group ; the ring structure is formed from the disulf 
form on oxidation of the cysteine residues*. The various ox)*!! 
and vasopressins differ only in the nature of the amino acii 
positions 3, 4 and 8. The molecular weight is just over 1000. 
structure and biological activity of the naturally occurring 
mones arc shown in the table on page 724. Arginine vasopn 
occurs in most mammals whereas lysine vasopressin is confint 
species of swine®. The aspartic acid residue in position 5 anc 
glycinamidc residue in position 9 are essential for oxytocin 
activity, while the basic side chain at position 8 is essential foe ; 
diuretic activity®. The activity varies with the sire of the ring 
is not dependent on the existence of the disulphide bridge: acti 
persists after replacement of the cy*stcine S of position 1 by a i 
group®. 

Units, methods of assay 

Synthetic preparations of both these human posterior lobe 1 
mones arc available. 1 International Unit (lU) of oxytocic, v: 
pressor and antidiurctic activity is contained in 0.5 mg of the 
International Standard (see page 762). 

Various biologitnl methods ate available for the assay of 
posterior lobe hormones®, some of which arc given in the table 
page 724. In interpreting the results it must be borne in mind i 
most tissues contain other pharmacologically active substani 
like histamine, serotonin, acetylcholine and bradykinin, to wh 
the methods of bioassay used for the hormones also respond. 

Assay of oxytocic activity is usually carried out by mcasur 
the contractions produced by the preparation in the isolated utc 
of rats pretreated with oestrogens (rat uterus test), that of va 
pressor activity by determining the rise of blood pressure cau: 
by the preparation in the carotid artery of rats. Radioimmunolo 
cal techniques may soon be available®. 

Biosynthesis, secretion, metabolism'® 

Oxytocin and vasopressin arc formed in the hypothalamus a 
stored in the posterior lobe of the pituitary. The Golgi apparai 
of the hypothalamic neurones, the nucleus supraopticus .and r 
clcus paraventricularis produce a neurosecretory protein mater 
that is deposited as required in nerve endings in the posterior lot 
a process requiring its transport by the axoplasm of the supi 
opticohypophyseal tract". Both oxytocin and v.asoprcssin ha 
been isolated from this material. The ncurosccrction can be dci 
onstrated under the optical microscope by suitable staining O' 
example Gomori’s); under the electron microscope it appears 
dense granules 0. 1-0.3 pm in diameter. The accumulation of the 
granules accounts for the specific staining of the nerve endings ar 
for Herring’s bodies. WTicn the pituitary stalk is cut the near 
secretion accumulates in the proximal ends of the axons. fh)TB 
logical stimuli depleting neurohypophyseal activity also dep e 
stainablc ncurosccrction in the hypothalamus and posterior pm 


* If the cysteine residues linked by the disulphide bridge are recknecd ■ 
a single amino acid (cystine) oxjTodn and vasopressin arc ocopernee'- 
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Oxytocin ap** Vasopressin 

n!„, •« P*ge72S) 

• and bladder in tiillesi amnhihtnn* _ tnrrMit.^ .u.ir n«rrne* 


indiTidual seoetorr neurone accreting oflly one hormone an<| 
lewea di/ferwcej in the proportion of Tasopresjin-p^ucine 
tjtocta-producmg oeufones in the nuclei supnopticus an? 
Temticolarij". 

he neurosecretorf cells vith thickened nerve endings cont^* 
Kcittion attach ihemselTM to the walls of the posterior lob^ 
Ilatiei and thete give up their hormones; this process is eal" 
n-dependent'*. 

he posterior lobe was formerly thought always to release oaf 
n and vasopressin together into the circulating blood, regard' 
of the nature of the atimulus Several eramplea of independer>‘ 
3« bte, however, been desenbed ** Thus vasopressid* 
not oxytocin, is secreted following haemorrhage and ort Min'' 
tioa of the sinus nerve by carotid oeelusfon, while oxytocin, bi** 


Myed in these media by the methods at present available Th* 
vatopttMBi level at a nomul sure of hydration has bee*] 
miiedic 1-5 (iiIU/l (j nlU wea 1 x 10*" mol) (for neasure*' 
^wieetheuhle bC'- >'• 


ihews*^’ *** only m the plasma and are not bound r® 
It w oneeitain to what e«eot the hormones at* 
MtWrf, ^ under physiological conditions they af* 

tfiaaily pfv„nt m the free form 

tht ptnphrral pUima (mIU/1) 




Debyd/ated 

1 


1 Mean 1 

' Range 

i;:! 

65 

■n 

3 4-9 0 

1 




2.5-W<J 


[ I>2-0< 

- 


0 9-tO 

1 a. : 


‘ *«ppeat nn«i’, 

Th. ■ 

” '"‘rocin ■ • " • . , 

^•alete ■ » ■ . 

“^tyeW, . ' ■ 

h « ‘Iw mamnilT 

SSl ”■ "» 'Pitktlol iwH 

' » mnuMl, «,<! ihc S 


pdamation following electrical or chemical stimulation*. At the 
biOfnolceutar level the change in permeability is possibly due to 
enhanced synthesis of cyclic adenosine 3',5'-phosphatc** Vaso- 
pressifl-like polypeptides (see page 72S) and possibly also vaso- 


severe in)ury to the hypothalamus or destruction of the neurosecre- 
tory eells 

The effect of oxyf oem on milk e;eet ion is so pow erful that miec- 
iionofas little as 0 0] lU has an action on the nummary glands of 
lactatiog women*’. Release of oxytocin from the posterior pitu- 
itary IS initiated by the suckling stimulus, but thete may be con- 
siderable psycbie modifications of this reflex activity 

The physiological fimaionefww^w/iecensists of a role in the 
production of hypenonic urine** When the hormone is absent 
from the blo^ the squeous permeabilitr of the distal convolutiw 
and collecting tubule of tbe nephron is lowered In water diuresis 
the hypotonic fluid flowing out of the ascending part of the loop 
ofHeiii tntothe disul convolution remains hypotonic up to the 
mouth of the colleniag tubule Absorption of water in these wrts 
of the tubule almost ceases since the reduced aqueous permeability 
means that there is no osmotic transfer of water to the isotonic 
interstice of the eorfer and hypertonic mterstice of the medulla 
In tbe presence of vasopressin, on the other hand, the aqueous 



to be pumped against an osmotic gradient, and active transport of 
water in this way has so far never been observed , in the production 
of both hyper- and hypotonic urine only solute particles (mainly 
sodium ions) are actively transported, the subsequent osmotic 
transfer of water being prevented by the impermeability of the 


The release ofvasopressinfrom the posterior pituitary is thought 
to be regulated by the total osmotic concentration of electrolytes 
la the extracellular fluid Thus when loss of water by the body 
causes tbe osmotic concentration to rise, more antidiutetic hor- 
mone (s released, more water is reabsorbed in the kidneys, and a 
more Concentrated urine is produced Excessive intake of water has 
tbeoppositeeffect and a very dilute urine IS produced (water diure- 
sis) However, the osmotic concentration undergoes only slight 



Siruclurt and biological adivity of naturally occurring muropituitary hormona^^ 
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Oxytocin and Vasopressin - Hypothalamic Pituitary-regulating Factors - 
Thyroid Hormones 

themeduncminenceofthcpicuitarystalk.Factotsidentifiedinfhe 

hypothalamus (ot neufopituitary) of various atiimal species are 
hsted la the table below. 


HjpathalaiHtc pituilary-rtgidaUngJaclOTS 



Abbreviation 

Refer- 

ConicottopA-Klcasmg factors 

a,-CRF 

s 

Melanocyte.scimuIjtmg-hormone 
teleasAg factor 

a,-CRF 

p-CRF 

MRF(MSH-RF) 

... 

hfetanocyte-scimulating-hormone 
mhibiting factor 

MIF (MSH-IF) 

a 

rolItde-Mtomlating-hotmone 

releasing factor , , , 

FRF (FSH-RF) 


Lucemizing-hormone releasing factor. 

LRF (LH-RF) 

" 

rrolactin-Rleasing factor 

PRF (pigeons) 


Prolactm-inbibitmg factor 

PIF (mammals) 

fj 

Growth-hormone releasing factor . - 

GRF (GH-RF) 


Thyroid-stimubtmg-hornione 
releasing factor 

TRF (TSH.RF) 

'■ 


so uiai luw twrroone does aot appest to be a simple polypeptide 
R«r«t*nce« 

' GoiutHiK R . />,jp A/ .JO, 89 (19S4). MUTrut, L , m 

s<»J (Eds ), Tk, P,/„/«y Cisd. B«t«r»otih, London. 

m«. |«g« 5K. lUsaisM St . Bra mti But! , JJ. 2S« (J9««) 
^nu*wx».«. , A« R» Mewrf 31J yyjTj SeH*LiT et tl , BtUnt 

w a«8)'^ ** *1 . JO- 


Thyroid hormones'-* (for nfete 


The normal human thyroid gland contains about 8 me of lo 
dmev OvetP9% of this lodme is present In the organic form as the 
lodinated ammo acids monoiodotytosine, di-iodotyrosine 
thyiooine and thyroaine ’ 


Tws pn>- 
«n of the 

■y These 

lystem A 


fS-MonoiodotyniBiT 


iCH(NHj)CO0H 
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Thyroid Hormones 

(For references see page 728) 


i.-S^-Dl-Iodotyroilnc 
(i.-iodoRorgolc acid) 



i,-3,5,3’.Tri-!odotIiyroninc 


t'Tliyroxinc 



In the thyroid by /hr the greater part of these lodmatcd ammo 
acids is bound to liigh-moiccular proteins, the most important of 
which is thyroglobulin, a glycoprotein with a molecular weight of 
660000 and a sedimentation constant of 19 S^. Each molecule of 
thyroglobulin contains roughly 110 tyrosine residues and 26 atoms 
of iodine'' ; it has also been estimated that each molecule includes 
7 monoiodotyrosinc residues, 6 di-iodotyrosinc residues and I thy- 
roxine residue, while every third molecule contains a tri-iodothy- 
ronine residue. The proportions of the individual iodinated amino 
acids present in thyroglobulin depend on the iodine uptake; thus 
iodine deficiency results in an increase in the proportion of mono- 
iodotyrosine and tri-iodothyronine. 

Biosynthesis, secretion, metabolism 

The iodine ingested with food is transported by the blood in the 
form of iodide, which is then taken up in large amounts by the 


thyroid. Iodide concentration also occurs in other organs, su 
the salivary glands, gastric mucosa, skin, mammary glands 
placenta, but only in the thyroid is this process subject to ph 
logical regulation. Iodide concentration by the thyroid is st 
latcd by thyrotropin, inhibited by hypophyscctomy. The iodi 
Oxidized to iodine or iodinium ions in the epithelial cells o! 
thyroid follicles under the action of the enzyme peroxidase, 
still not clear whether iodination of the amino acids and couj 
of the tyrosines to thyronines takes place in the cells of the thyi 
at the cell-colloid boundary, or even in the colloid itself. ! 
known, however, that there are variations in the degree of iod 
tion as well as in the structure of the thyroglobulin in the foil 
lar Jumina. 

The thyroid hormones - thyroxine and tri-iodothyronine - 
discharged into the blood only after enzymatic breakdown of 
thyroglobulin, a process stimulated by thyrotropin. Thyroglob 
is also present in the lymph of the thyroid, but the physiolog 
significance of the transport of this substance by the lymph 
system is unknown The mono- and di-iodotyrosincs arising ft 
the breakdown of thyroglobulin arc deiodinated in the thyroid, 
iodine so liberated being again available for the synthesis of thyr 
hormones. 

Over 90% of the circulating thyroid hormones consists of ti 
foxinc. Mono- and di-iodotyrosincs do not appear to be norm; 
present in the blood®, although there arc reports to the contrar 
Most of the thyroxine in the serum is bound physicochcmically 
certain carrier proteins ’®, the tri-iodothyronine to a much sma! 
extent (fornorm.al values of the protein-bound iodine see page 5 
and the lower table below). Thyroxine is mainly linked to ‘thyre 
ine-binding globulin*, lying clcctrophoretically between the a,- ai 
Ot-globulins, and ‘thyroxine-binding prealbumin’, though some 
present in the albumin fraction. Dialysis against a protein-ftcc bufi 
shows that the proportion of the total thyroxine present in the ft 
state is about 0.05%; the proportion of free tri-iodothyronine 
some 10 times greater ”. Very probably only the free thyroid ho 


Metabolic data for iodije*^ 


Age 

(years) 

Plasma iodide 
concentration (pg/l) 

Iodide clearance by 
thyroid (ml/min) 

1 Absolute iodine uptake 

of thyroid (us/b) 

Renal iodide clearance 
■ (ml/min) 

hfen 

Women 


Men 

Women 


Men 

1 Women 


hten 

1 Women 


Mean 

Range 

Mean 

Range 

Mean 

Range 

Mean 

Range 

Mean 

Range 

hfean 

Range 

Mean 

Range 

Mean 

Range 

0-19 . . 

1.4 


0.8 

0.6-1.0 

23.0 


36.2 

31.5-40.9 

2.0 


1.6 

1.4-1 .9 

27.0 


31.5 

30.2-32.7 

20-39 . 

2.3 

0.8-3.4 

1.6 

0.4-2.7 

27.5 

9.7-57.8 

26.4 

19.7-38.2 

3.2 

1.9-8.2 

2.2 

0.9-3.4 

40.6 

25.9-61.8 

25.0 

15.7-41.3 

40-59 . 

1.7 

0.4-3.6 

1.6 

0.8-2.6 

21.8 

2.9-38.5 

15.6 

5.7-37.6 

2.5 

0.1-6.7 

1.3 

0.6-2.2 

38.8 

17.9-53,8 

2S.4 

19.0-37.4 

>60.. 

1.7 

0.4-3.5 

2.5 

1.4-5.7 

25.3 

13.8-36.0 

18.3 

5.4-38.6 

2.0 

0.8-2.9 

2,1 

0.5-3.1 

27.2 

21.0-30.8 

19.3 

11.7-38.5 


* Wide deviations from these values may occur in subjects with a high iodine intake. 


Thyroid hormnes in blood^^ 


Age 

(years) 

Endogenous thyroxine distribution (%) 

1 Thyroxine-binding capacity 
(Hg thyroxinc/1 scrum) 

1 

Protcin- 
, bound iodine 
i (|ig/l scrum) 

' Free thyrosinc 

Thyroxine- 

binding 

globulin 

Thyroxine- 

binding 

ptcalbumin 

Albumin 

Thyroxine- 

binding 

globulin 

Thyroxine- 

binding 

prcalfaumtn 

' (?o of total 

; i .hj'Se) 

Mean 

/ 

Mean 

/ 

Mean 

/ 

Mean 

/ 

Mean 

J 

Mean 

t 

i' Mean 

X 

I Mean j ^ 

2-12.. 

16-20.. 
21-30 . . 
31-40 . . 
41-50.. 
51-60 . . 
61-70.. 
>70... 

55.0 

43.4 

40.2 

39.5 

41.7 

44.6 

47.8 

50.8 

7.0 

7.2 

4.0 

5.7 

7.1 

6.3 

9.7 

4.7 

26,8 

39.6 
43.1 

44.6 

42.7 

37.8 
36.5 
29.7 

5.5 

6.5 

5.9 

5.8 

7.9 

6.4 

8.9 

5.8 

18.2 

17.0 

16.6 

15.8 

15.7 

17.7 

15.5 

19.5 

3.7 

3.9 

3.3 

1.5 

2.5 

4.3 

3.1 

7.3 

27.3 

21.5 

25.3 

3.6 

3.6 

5.8 

72 

183 

128 

26 

26 

60 

61 

52 

52 

52 

53 

48 

54 

51 

7 

7 

11 

7 

9 

5 

8 

12 

47.0 

36.0 

44.6 

42.7 

46.0 

35.1 

47.5 

42.0 

7.4 

7.7 

14.1 

9.1 

11.4 

3.8 1 

12.3 

13.4 1 

1 

0.050 1 0.00" 
0.050 I 0.015 , 
0.057 ! 0.015 ; 
0.055 1 0.011 : 
0,057 ! O.OOS 
0.050 i 0.004 ; 
0.053 ! 0.014 ' 
0.054 j 0.00? ■ 


Thyroid Hormones 


m 


dru, altentiofl of the permeability of the mitochondrial membrane, 
aril] stimulation of protein lyntheais. Some workers regard the last* 
flamed action as a primary effect of the hormones to which the 
calorigenic action is secondary. 

The effects of the thyroid hormones and related compounds ate 
so closely linked with their chemical structure^t, the iodinated 
thyronines the sterie configuration appean to be mainly tespen* 


enterauy tti lodotnYioiiine is twice as active as inytoauie, wiicn 
given orally four times as active, Vi’hile thytorine and tri-iodothy* 
ronine have qualitatively the same cficcts the calorigenic action of 
the latter is considerably quicker but not so long-lasting 

Evaluation of thyroid function*'^* 

Little can be deduced as to the functional state of the thyroid 
from ns siae and shape alone Exeept in hyperthyroidism, hyper- 
plasia of the gland metely refieecs its mcreased stimulation by thy* 
rotropin due to mcreased secretion of this hormone triggered ^y 
a reduction m the concentration of thyroxme in the blood (feed* 
back mecharusm). lius reduction is in turn the result of a lubstr^fe 


• the iiDfomnt ^wpetty of atttwoiatmg \ht natannon of 
ftbra! cortex in the critical phase of development*’ 


i'ttitt peltiuiii c/ ihi ihynidhtrmtnis end rilatiJ tempeaaJi’' 


hyroxine 
"hyeoauve 

J’-Tn-iodoL-thyconinc 

J'-Tti-Ksdo-o-thyio 

'Di-iodo-L-thyronin 

cdo-v-thyromne 

>-Di lodo-3'.methyl-D 
thyronine 



Species 

Pbynalogiultai | 


differen- 



All 

too 

lOO 

100 


Kat 

5-8 


_ 


Man 

8-12 


_ 

nine 

Rat 

150-350 

500 

_ 


Man 

100-250 


280-54<y 

onine 

Rat 

10-15 

_ 

14 

ne 

Rat 

0-5 




Rat 

0-3 

- 

- 


Rat 

150 

- 

- 


cept m the presence of extreme iodine deficiency or severely im- 
paired synthesis A severe functional disturbance may, however, 
be unaceoropanied by goitre. 

The functional state of the thyroid is best assessed by studying 
the uidividual phases of the lodme cycle ‘ iodine uptake, hormone 
synthesis, hormone release, hormone transport, peripheral hl’t- 
mone uptake, iodine excretion There is an equilibrium between 
these various phases that is also maintained in both hypo- and 
hyperthyroidism In hyperfunctioning of the thyroid the lodi"* 
uptake of the gland is increased along with the rate of hormone 
synthesis, and the eireulatmg free thyroid hormones are mow 
quickly taken up by the tissues and broken down In hypofuflc* 
tionmgof the gland all these phases ate slowed down The appar- 
ent thyroid hyperfunc tionmgof pregnancy is the result of mcreascd 
renal iodide eJearsnee with a compensating increase m thyroid 
function". 

Mun tpiattpiarr Measurement of the accumulation of a radio- 
active /hit . p-,. ,1 _ a- 


action of the thyroid hormones is marked bv a «>-cs.«cd 
^biM^ecuUt effrots of the thyroid hormones have also bee" 
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Thyroid Hormones - Parathyroid Hormone 


^ Thyroid activity can also be evaluated indirectly from the activ- 
ity of the thyroid hormones, for example by measuring the BMR 
(see page 539), the oxygen consumption of the leucocytes, or the 
time of the Achilles tendon reflex'’-' (slowed in thyroxine defi- 
ciency, accelerated in thyroxine excess). 
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Parathyroid hormone'-® 

(parathormone) 


Chemistry 

Purified bovine parathyroid hormone has a molecular weight of 
8500 and is a single-chain polypeptide with no covalent into-chain 
cross linkage". A highly purified preparation with a biological 
activity of 2500-3000 USP units per milligramme can be obtained 
by gel filtration. The empirical amino-acid composition of bovine 
oatathyroid hormone is Lys„ His,, Arg,, Asp„ Thr, Scr,, Glu,,, 
^rorGly,. Ala,. Val,. Met,, lie,. Leu., Tyr, Phe„ Trp. P®«thym^ 
hormone is inactivated irreversibly by pepsin, trypsin and chymo- 
trypsin, reversibly by hydrogen peroxide. 

■Units, methods of assay® 

1 USP Unit = ’/m of the amount that when administered par- 


preparations can be determined by making use of this action i 
scrum calcium level® or by measuring their ctfect on the u 
phosphate excretion of parathyroidcctomized rats L The amoi 
the hormone present in body fluids can be determined by me 
its immunological properties, using either the compicment-fia 
test® or radioimmunological methods®. 

Biosynthesis, secretion, metabolism 

Parathyroid hormone is formed in the chief cells, the light 
cells and possibly also the oxyphilc cells of the parathjToid’' 
tracytopksmic droplets seen in Golgi’s apparatus may repr 
an intracellular form of the hormone". Discharge of thchon 
into the blood is regulated by the diminution in the concentr 
of ionized calcium in the blood flowing into the parathyro 
This docs not apply in primary hyperparathyroidism, in whicl 
parathyroid secretes the hormone independently of the blood 
cium level. The hypothalamus and pituitary have no deteci 
effect on the secretion of parathyroid hormone. A substance 
munologically similar to parathyroid hormone is produced by s 
nonendoctine tumours®®. 

Published data on the parathyroid hormone content of the b! 
vary widely. Biological methods give values of 25 pg/1 plasm 
more, radioimmunoassay values of 0.1 to 1.0 pg/l plasma. The j 
ma level is increased in adenoma of the parathyroid, some fom 
carcinoma (pseudohyperparathyroidism) and chronic kidney dis 
(secondary hyperparathyroidism)'®. The circulating hormone is 
idly broken down (half-life in rats 22 min'"), probably in the lit 
Parathyroid hormone is excreted in the urine, the amount deer 
ing as the level of ionized calcium in the serum rises'®. 

Biological activity 

Parathyroid hormone maintains the concentration of ioni 
calcium in the extracellular fluid, a function in which vitamit 
(see page 461) and thyrocalcitonin (see page 718) are also invoh 
The hormone has a ditcct action on bone'®, in which it cat 
breakdown of the bone substance reflected in an increase not o 
of the blood calcium but also of the urinary excretion of mu 
proteins'^, hydroxyprolinc '® and pyrophosphate'®. 

The other site of action of parathyroid hormone is the re 
tubules, where it promotes the excretion of inorganic phosphate 
15-40 min after administration of the hormone the latter rcache 
m.aximum lasting several hours, and the consequent fall in the sen 
phosphate level entails a rapid rise in the scrum calcium level. M 
bilization of calcium takes place more slowly, however, with a m; 
imum after 6 hours or more, since it is preceded by an increased fc 
mation of osteoclasts®. There arc also indications that the hormo 
maintains the blood calcium level by stimulating tubular rcabsoi 
tion of calcium®' and intcsrinal calcium absorption®®. Parathyro 
hormone has also been observed to have an effect on lactation- 
The mode of action of parathyroid hormone has been exte 
sivcly investigated. The hormone could act on the skeleton by < 
releasing a collagcnoly-tic factor from the bone cells ®", and (b) pr 
moling the formation of citrate and lactate and thus displacing tl 
pH to the acid side, with a consequent increase in dissolution oft! 
hydroxyapatite of bone ®®. The action of the hormone on bone, b 
not that on renal tubular function, requires the presence of vie 
min D ®®- ®®. At the molecular level parathyroid hormone incrcasi 
the uptake of phosphate by the mitochondria and, in conjunctio 
with vitamin D, the mobilization of calcium®®-®®. The action c 
bone is inhibited by actinomycin D, so that this effect, unlike th- 
en the renal tubules, probably has a genetic mechanism "■ ®®. 


Evaluation of parathyroid function®®-®' 

Hypcrp.arathyroidism is often accompanied by a rise m setur 
calcium, increased urinary excretion of phosphate and calcium, 
a fail in serum phosphate. The urin.iry phosphate excretion c.m b 
measured by the phosphate clearance®®, by the percentage tubuh 
rcabsorption of phosphate®®, or by- the phosphate excretion m 
dex®" (see also page 663). Parathyroid suppression tests Kivc me! 
developed for distinguishing primary hypcrp.irathytoidism 
other diseases accompanied by disturbance of calcium metaho 
lism®'-®®; these involve measurement of the effect of a tikiutr 
infusion on phosphate excretion. 
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Thymus hormone 

In adult healthy mice thymectomy has virtually no effect except 
at slight lymphopenia, whereas in newborn animals the operation 
:sults in very severe disturbances all of which have their origin in 
state of immunological insufficiency '. Inttapcritonealrcimplanta- 
on of the thymus in a diffusion capsule is followed by reversal of 
icsc changes to a very large extent. It has been concluded that the 
lymus produces a humoral factor involved in the development of 
nmunological competence (competence-inducing factor), pos- 
hly by furthering the maturation or differentiation of immuno- 
igically competent cells from their lymphoid precursors^. The 
jrmation by the thymus of a humoral factor stimulating the pro- 
feration of lymphatic tissue (lymphocyte-stimulating factor) had 
cen postulated earlier^. Such a factor is possibly produced by the 
icdullary epithelioid cells of the thymus in the form of an acid 
lucopolysaccharidc containing sulphate •*. A lymphopoietic factor 
:tivc in vitro has been isolated from calf thymus and identified as 
heat-stable protein containing carbohydrate^. The immunologi- 
il reactivity of thymectomized mice can be restored by adminis- 
;ring an extract of calf thymus®. Several humoral factors may 
jntributc to the functioning of the thymus^. 
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ormones of the pineal gland 

In man the pineal organ is a conical, midlinc structure about 
mm long located on the dorsal posterior edge of the epithalamus, 
arises embryologically as an evagination of the neurocctodetm 
■ the dorsal diencephalon. It is composed of epithelioid paren- 
lymal cells, and usually contains calcareous deposits in sexually 
aturc individuals. Phylogenetically it is the remnant of midlinc 
jrsal light receptors. ... ■ 

Possible pineal hormones. Melatonin (melanocytc-contractmg prin- 
Dle skin-lightening factor) is produced in the vertebrate pineal L 
Tot'onin, af well as its metabolites such as 5-hydroxyindolcacctic 
id occur in the mammalian pineal in high concentrations. Nor- 
Ire’naline and histamine are found in pineal extracts . Anocsttin, 
1 inhibitor of oestrus, and antigonadotrophic factors have also 
■en alleged to be present in the pineal; they may be identical snth 
elatonin^. Glomcrulotropin (adrenoglomerulotropin), an acccl- 
a or of aldosterone secretion, has been postulated as a pineal hor- 
onc®; it is reported to be a carboline derivative* 


Melatonin (A/’-acctyl-5-mcthoxytryptaroinc) 



Melatonin is formed in the pineal gland by methylation of 1 
acetyl-5-hydroxytryptamine', the reaction being catalysed by h 
droxyindole O-methyltransfcrase, a specific enzyme apparently o 
curring only in the mammalian pineal®. The circulating melaton 
is rapidly taken up by the tissues, where it is converted mainly ini 
6-hydtoxymelatonin; this substance is excreted in the urine main 
as the sulphate and to a smaller extent as the glucuronate®. 

In rats, the weight, morphology and chemical composidon t 
the pineal gland can be altered by exposing the animals for Ion 
periods to continuous light or darkness. Thus light exposure causs 
the parenchymal cells to contract^, while dark exposure increase 
the activity of the enzyme hydtoxyindole O-methyltransferase an 
therefore the rate of melatonin synthesis®. The serotonin, mela 
tonin and hydroxyindole 0-methyIt«nsfcrasc contents of th 
pineal gland are subject to a day-and-night rhythm®' ® as a resuit o 
sympathetic nervous regulation by the amount of light cnterini 
the eyes. 

In amphibia, melatonin acts as an antagonist to MSH by causint 
the melanophores to contract (see page 722). In rats, melatonin has 
been reported to reduce the weight of the ovaries and to inhibii 
oestrus and sexual development^' it also inhibits the increased 
frequency of oestrus observed in pinealectomized rats ”. In human 
males, parenchymal-cell pineal tumours are associated with sexual 
retardation, whereas nonparcnchymous tumours which destroy 
the pineal are associated with sexual precocity'®. 
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Catecholamines''* (for references see page 734) 


Chemistry 

The catecholamines arc phcnylcthylaminc derivatives in which 
the benzene ring is or//'i7dihydroxy-substitutcd, as in catechol. The 
most important members of this group arc dopamine, noradren- 
aline and adrenaline. The catecholamines occur not only in the ver- 
tebrates but also in insects, where JV-acctyldopamine also plays an 
important role®. The naturally occurring catecholamines arc kc- 
vorotatory, the dextrorotatory forms being almost devoid of h'o- 
logical activity. 

All the catecholamines have very similar chemical properties. 
Adrenaline and noradrenaline arc oxidized spont.ancously in alka- 


Dopamine 

(S-hydroxjVjTaminc) 



OB 


Noradfcn-allnc 

(norepinephrine) 



Adrenaline 

(cpinephtinA 





CH 
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(for nfereocn lee page 734} 

dulb s small amount of the adrenaline forme J is further converted 
into ^-fnctbvladrenaline 

Tu. — ..v.i, — . 


ids of assay**' 

catecholamines can be determined by a variety of chemical 


It clmical purposes the chemical methods of assay are pKfer' 
kdrenaline and noradrenaline are best determined by thetnhy- 
ndole method (as modified for instance by Caour*. Souskes 


Util) »/ mtlMi »f ulitkoljmmt aMj** 


■ 1 

Sentiuviiy (ng) 1 

htnhod 




1 Adtinaline j 

Not- 

tdrenaline 
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1 1 
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Blood pressure, cats 
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100 

Blood pressure, rata 

‘ 50 

3 

Wood pressure, rats (SiiirLK and 



TiLoeN) 
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S 

Utetui, m (2 ml) 

01 

IS 

Cat, rabbit (petfusion) 

05 [ 

1 1 

Ear, rabbit (Axmin and Caswr) 

OOO2I 

. 

Intestinal muscle, rabbit (10 ml) 

40 1 

40 
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2 1 

1 

1 

irviira/ 
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Colorimetticilly as adrenochrome 
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Reduction of atscnomolybdaie 

50 

BOO ' 

Eihyienediamine method 

6 

6 ‘ 

Ttihydfosymdole method 

S 
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nals of all species, its proportion in the total catecholamines do^5 
not exceed 2%*. 


the penphetal t»sucs at a concentration of about one-tenth of th^t 
of noradrenaline * Noradrenaline occurs in the brain in vanoi), 
spcciea at aconcentration of 0 2-0 5 uglg, the highest values being 


Tumours of chromafHn tissue sometimes contain large amounts 
of catecholamines, and values of up to 8 4mg/gfot noradrenaIit)e 
and 2 i mg/g for adrenaline have been letorded** 
Trrrr/Mne/Mi'rr^e/cn/'irr. Release of catecholamines from the adr^. 
nal medulla into the blood is actuated by nervous stimuli via il,e 
splanchnicnecves Secretion of the hormones is stimulated by itteij 
and by administration of histamine and other drugs, it is also in- 
creased m msulin-indueed hypoglyeaemia In general the medulij 
secretes the catecholamines in proportions that remain constant m 


tents oNhe chromaffin granules - catecholamines, ATP and prij. 


'lyntheals, ircretion, metabolism, excretion 
^ tnaymes necessary for the biosynlhesis erf the catechol- 
inei from tyrosine are found in the cells of the adrenal meduUj 
1 the ivmpithetic neurones The step in this synthesis arc l- 
'*ine -* L-dopa -• t-dopmme -• l.•nofadtefla]Ine — ► L-adren- 


From the blond the r 


awu fierre actiTity*» and rises »hen nerve activity »s inter- 
ited " Noradrenaline synthesis in the rieurooes is possibly teg- 
i«d by a nepstive feedbaeV mechanism** In the adrenal roe- 
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» Icvill ij aJrtnalint and ncraJrt'ulini (ng/1) 



Adrenaline 

Noradrenaline 

Refer- 


Mean 

' 

Mean 



<yin'f3'’'dott milhod 
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0 07 

»» 
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001 
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idulis ..... 

0 22 

0 27 

0 53 

066 

10 

\ewbom, . . . . , . .. 

0 35 

0 64 

2 39 

2 69 

>* 

i’remature 

0 86 

1 21 

3.24 

203 

5V 


drox 7 phen|lgI)^l iulphate. 

Nonml values for the excretion of catecholamines and their most 
tn^wrtsiu met^ohtes am summarized in the tables on this page 
The excretory levels of these compounds ate dependent on body 


by persons with tumours of chromaffin tissue, considerable amounts 
of dopa, dopamine and their metabolite homovamllic acid by those 
tsith neuroblastomas (for further details see the literature*®-^') 

’tiologica! activity 

In the animal organism the catecholamines have tvo important 
unctions, the main physiological function of those secreted by the 
dtetul r^uUa being concerned with metabolism, while those 
ekased by the adrenergic syiupscs of the tympsthetsc nervous 
ystem act as transmitrerr of nervous stimuli 
MttjMie tffttU. Adrenaline increases oxygen consumption in 


tnkiUmini tvemun m netluna/ tri’ii (ug/h)'* 


tycle) In the liver, stimulation of glycegenolysis by the catechol- 
imines leads to an increase of glucose output and a short-lived rise 


Adtenahne 
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Metinephnne 

Notmeunephrine 
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Catecholamines - insulin 


lopicnl conditioas nnd produces s rapid breakdown of glycogen 
to glucose 1-phosphate. Catecholamines appear to activate phos- 
phorylasc by a similar mechanism in all tissues. The lipolytic action 
of adrenaline and noradrenaline appears also to be mediated by 
cyclic AMP’’^, but diircrcnt forms of a triglyceride lipase have not 
yet been isolated. 

Pharmacohejeaj tjjccts. Expcrimcnt.al studies have led to the idea 
of at least two kinds of adrenaline receptors, a and P ; a receptors 
mediate largely motor effects, p receptors largely the remaining 
effects. Noradrenaline acts on a receptors, isoprcnaline on p recep- 
tors, adrenaline on both; adrenaline antagonists act primarily on 
o receptors. This is an oversimplified picture, and exceptions exist 
which have led to a further, though somewhat unprofitable, mul- 
tiplication of postulated receptors. 

Effects on blood circiilaiion (sec the figure below). In man, continuous 
intravenous infusion of catecholamines (0.1-0.3 pg/min/kg body 
weight) can have the following effects'*® : Noradrenaline. Prompt in- 
crease in the mean blood pressure of systolic and diastolic origin 
due to an increase in the peripheral resistance (vasoconsuictiaa). 
Cardiac output unchanged or slightly diminished. Adrenaline. In- 
crease in the mean blood pressure due to a fall in the blood pres- 
sure in the peripheral circulation (vasodilatation) being ovcrcom- 
pensated by an increase in the beat volume and beat frequency. 
The circulatory effects of adrenaline and noradrenaline arc mutually 
compensatory when the hormones arc given at physiological dos- 
age (intravenously up to 0.3 pg/min/kg body weight). 

The continuous intravenous infusion of dopamine at dosages in 
the range 5.3-11.6 pg/min/kg body weight may result in an in- 
crease in the systolic and mean blood pressures and cardiac output 
nnd in a lowering of peripheral resistance*'. 

Renal blood flow is diminished by adrenaline ''®, large doses of 
which reduce the glomerular filtration rate. Adrenaline has little 
effect on the cerebral blood vessels. 

Cardiovascular effects of intravenous infusion of noradrenaline, adrenaline 
and dopamine 


Noradrenaline Adrenaline Dopamine 

lOpg/min lOpg/min 0.5mg/min 



Catecholamines in the centra! nervous system. Impulses arriving at the 
efferent ends of the sympathetic nerves cause the release of small 
amounts of noradrenaline which stimulate or inhibit cellular ac- 
tivity in the target organ (see above). Noradrenaline^'’ and dop- 
amine ' ® may exercise a similar function in the central ncr\ ous sys- 
tem. It has been suggested that in some kinds of depression, par- 
ticularly the retarded type, there is a noradrenaline deficit at specific 
receptor sites in certain areas of the central nervous system; con- 
versely, in manic states there would be an excess of noradrcnalme 
in these areas®®. 
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Insulin (foe references see page 737) 

Chemistry 

Up to 1966 the structure of insulins from 20 clifTcfcnt anim^ 
species had been largely or wholly elucidated ®. In almost an 
the shorter A chain contains 21 amino-acid residues and has 
N-tcrminal glycine residue, at least four free amino groups an 
internal disulphide bridge between the cysteine residues -s' 
tions 6 and 11. Variations in the amino-acid sequence • j. 

positions 8, 9 and 10. The longer B chain is made up of- 'j 
no-acid residues and contains tsvo or three free amino 
in most species, an N-tcrminal phenylalanine residue. \ an-”' . ,,, 
the amino-acid sequence in this chain arc mostly in position - 
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io-attd tiqutitct ef buf insn/m 

h\ Asp(NH,) GIu(NH,) His Leu Cys Gly Set His Leu V»1 Glu Ah Leu Tyt Leu Vtl Cys Gly Glu Are Gly Phe Phe Tyr Tht Pro Lys Ah 
13 * ^ 7 » 9 10 tl 12 13 14 15 1( 17 IS 21 22 23 24 2S 2S 27 28 29 30 

:ie Val Glu Glu(NH0 Cyi Cys Ala Ser Val Cys Set Leu Tyt CIu(N{iO Leu Glu Atp(NH«) T^Cyi AspfNH.) 

2 3 4 S « 7 8 9 10 U 12 13 14 IS l* 17 is 19 20 21 


30. Of (he SI amino-acid positions m the insulin molecuk, 
'c known to show variations Human insulin diHers from toad* 
insulin fot instance in 17 of these positions. At least two ape- 
- tats and toadfish - fotm two stmetutally diffetent insulins in 
r pancreas, while identical insulins may be formed by difletcnt 
ies, for instance the dog, pig, fin whale and sperm whale. 


'mnets m thi amino-nciii ttqutnstj »f Mnaui minimi 



A (him pQiition 

JH>UIK>n 

e 

9 

to 

30 

ht ......... 

Ala 

Sec 

Val 

Ala 

'■g 

Thr 

Sec 

He 

AU 

heep . . 

Ala 

Gly 

Val 

Ab 

locie 

Thr 

Gly 

Val 

Ab 

Xhale . 

The 

Set 

He 

Ab 

Man .... 

The 

Ser 

He 

The 


1 undergoes aggregation to form polymers of at least two mol* 
lies (iniulm dimer) Whether this occurs in complex solutions 
! blood IS not known Insulin readily forms complexes with xine 
basic proteins such as histone and protamine It erystallues m 
3mbi or prisms Heating of insulm solutions at pH<3 5 tesulia in 
i to-end aggregation of insulin monomen to form the charac* 
isiie insulin fibrils 

The insulins most commonly employed in the treatment of dia> 
Its In man ate those of bovine and porcine origin Pig imulin 
lers from human insulin in only one ammo-aeid residue (B 
am, position 30), beef insulin m three (A chain, positions 8 and 
. B chain, position 30) This difference in ammo-acid situctute 
ly explain the greater antigenicity m man of beef insulin corn- 
red to pig msulm In the light of its imino-acid structure, homo- 
gous insulin would not be expected lo induce the fotmanon of 
tculating antibodies. Il has recently been shown, however, that 
lection of insulm from beef pancreas into cattle' or of pig insulin 
to pigs* does m fact result m the formation of antibodies* Fac- 
ts other chan tmmotcid sequence muse therefore play a role ui 
iWrminmg antigenicity 


reparaiioni of this kind with residual activity almost certainly 
’mam mtict insulm 

The complete synthesis of sheep insulm was achieved by three 
reiups of workers at about the tame tune*, human msulm has 
so been synthesiitd 

a» minot component of pig insulm has been 
^wn to be a single cham ptotein of 84 ammo acids, this is eon- 
*ned into msulm by proteolytic eJeivage It cross-reacts with in- 
“hn m immunoassay 

Jnu/‘«wm»a »a An msulm-antigoniatic factor migratmg elec- 
tophorttically with albumin has been described {synalbumin msu- 
^ a'ltigonisf) (he physicochemical properties of which suggest 
hat i( consists of the B chain of the msulm molecule 


Hie presence of on artifactual insulin antagonist in albumin pre- 
parations has been reported *^. 

Unit, meihoda of assay**, '* 


viving tissues. The preparations commonly used are the rat du- 
phragin. m which the index of insulin setivicy is glucose uptake or 
glycogen synthesis, and rat epididymst adipose tissue, in whieh the 
index can be glucose uptake, net gas exchange, oxidation of 're- 
labelled glucose CO "COt, ot incorporation of the labelled glucose 
carbon into lipid or adipose tissue glycogen These methods of 


Biosynthesis, tectetion, metabolism 


amount being 100-400 lU with'a mean of 

I— .1. j radioimmuflological assays of plasma insu- 

i4-r..u panetets has been estimated to be 

.n to the daily average replacement 

suppress^ *" whom endogenous production is completely 

t)- ■ "f 

Swnulationof iniulinarrr»>--.-^u„-i ; .. ..n . i 


glucose Hoving thtoueh then." P”»I«*“onal to the amount of 
the glucose has St ' *1” ‘ 

from (he pentose-phosphale cycle** In ’t 

the peripheral venous blood b«»n "’“"■‘he insulin i^vel m 

euctiog a glucose infusion** ^ a few minutes of 

■» 'k- pi*.™ i.™„ 
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Insulin 


i'acton njftclhw, insulin stcrelioii^-'-^^ 



In VIVO 

In vitro 

factors stimulating seerttion 


Glucose 



Fructose 

•1- 


M.mnosc 



Ribosc 

-i- 

4- 

Xylitol 

-i- 

4- 

Ribitol 


4- 

Leucine 

4- 

4- 

Arginine 

+ 

4- 

Acctoacctatc 

-f 

± 

Glucagon 

■4' 

+ 

Growth hormone 

-1- 

± 

Lactogenic hormone of the placenta 

-k 


ACTH 

-k 


GlvKOCOEticostcrriitk 


± 

Thyroxine 

-k 

± 

Pancreozymin 

-k 


Secretin 

+ 

4- 

Insulin antibodies 

-k 

4- 

Calcium 


4- 

Magnesium 


± 

Potassium 

-k 

+ 

Adenosine triphosphate 


+ 

Adenosine cyclic monophosphate . . 


4- 

Sulphonylutcas 

-f 

4- 

Vagus stimulation 

+ 


Factors inhibiting secretion 


2-Dcoxyglucose 

+ 

4- 

Glucosamine 


4- 

Mannoheptulosc 

-k 

+ 

Adrenaline 

-k 

4- 

Noradrenaline 

+ 


Insulin 

+ 


Phcncthylbiguanides 



Diazoxidcs 


+ 

Starvation 



Hypoxia 


+ 

Vagotomy 

"f 



When scrum is filtrated on Sephadex G-75, two protein peaks with 
piotein-frec interval arc obtained. InsuUn-likc activity is highest 
in the first protein fraction; insulin measured by immunoassay is 
highest in the ‘protein-free’ interval. This is also the area where 
labelled crystalline insulin is rccovercd^’.When Sephadex G-50 is 
used for filtration, insulin appears in two peaks, designated ‘big’ 
and ‘little’ insulin, the first of which may be identical with pro- 


insulin ^ r ■ r 

Different methods of assay measure different amounts of insulin 
and/or insulin activity in the serum. The following mean values 
have been found in the morning in the scrum of persons who have 
fasted for 12 hours previously: 20 mIU/1 by the radioimmunologi- 
cal technique (sec the tabic on this page), lOO mIU/1 by the rat dia- 
phragm method and 350 mIU/1 by the rat adipose tissue meth- 
od^'? The insulin activity of the scrum not mhibitablc by insu m 
antibodies has been measured at about 170 mlU/D^. Scrum insulin 
levels during the glucose-loading test arc shown m the figure on 
this page. In pregnant women there is a rise m the scrum insulin 
levcf towards term^”- 35. and under glucose loading the 
to a greater extent than post pattum®-*. In the 
the Lulin level is low^t. Small amounts of insulin have been de- 
tected in spinal fiuid^^. 


Plasma insulin dtkrmintd by immunoassay (mlU/1 in 



Mean 

Range 

Adults 

20 

0-66 

Adults 

20 

6-35 

Adults 

22 

- 

Newborn, 2-8 days 

43 

- 


Serstm insulin after an oral dose of 50 g giucose^^ 
(values from 45 subjects, logarithmic scale) 



Only part of the insulin secreted by the p.mcre 
general circulation, nearly a half of it being removi 
and degraded. In man the half-life in the circulating 
30 minutes, in animals rather less 3. Insulin also p 
tissues, the highest concentrations of labelled insuUi 
found in the kidneys, liver and muscle. Small amoi 
arc found normally in the urine; immunoass.iy of n 
has shown an average of 5 mlU/24h35'35. Insulii 
adults is about 0.4 ml/min^S'^S; in children it is pt 
body weight and amounts to about 0.2 mIU/kg/24 1 
Jin filtered in the glomeruli is almost completely rc 
broken down in the tubules, the daily turnover belt 
at a scrum level of 14 mlU/W®. Degradation of insu! 
- and probably also in the kidneys and other tissues 
by a specific enzyme, protein disulphide reductase, ' 
the disulphide bonds to free the A and B chains'", i 
turn arc attacked by proteolytic enzymes. During p 
placenta is also involved in the breakdown of insulii 

Biological activity 

Insulin has a direct or indirect effect on practic.illy o 
metabolic processes of the body. The most obvious 
those most thoroughly studied, arc on the fatty tissues 
and liver ■'5. Various theories have been put forward t 
mode of action, which may well vary from site to sit 
sulin-enzyme theory, (b) the insulin-transport theory, 
lin-gcnc (transcription) theory and (d) the insuUn-tibc 
lation) theory. For further details sec the literature'® 

The most important role of insulin is in the metak 
fatty tissues, the principal site of the regulation of cn 
and mobilization. Insulin promotes storage of fat and 
release. The hormone .stimulates glucose upt.ikc oni 
phosphate metabolism in the fatty tissues as well as p 
the formation of glyceride glycerol, fatty-acid synthc; 
cose, transamination of glucose into amino acids, and 
thesis; it inhibits the release of fatty acids by promotin, 
tion of a-glyccrophosphatc, with which they form trie 

In muscle, insulin activates the transport system res 
the entry of amino acids and other compounds into thi 
the cell, glucose is converted into glucose 6-phosphatc 
hexokinase and finally into glycogen by activation o 
cosc-glycogcn glucosyltransfcrasc. Activation of the i 
amino acids proceeds independently of that of glucose. 
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Glucagon 


glucaRon content of the pancreas, whereas damage to the a-cells 
by cobait cliloride or other compounds causes a gradual diminu- 
tion of glucagon activity. Glucagon can be isolated from those 
parts of the dog pancreas which contain a-cclls but is not found in 
the uncinate process, where a-cells arc lacking. Furthermore, in 
different species the amount of extractable glucagon in the pan- 
creas correlates well with the relative abundance of a-cclls in the 
organ. Histochcmically, tryptophan, a component of glucagon but 
not of insulin, can be demonstrated in a-cclls but not in P-cclls'. 
More direct evidence in favour of the a-ccll origin of glucagon 
has been obtained recently with specific immunofluorescence tech- 
niques". 

Both the muscular and mucosal layers of dog and human upper 
gastrointestinal tract have been found to contain significant 
amounts of a glucagon-like substance in measurements made by 
the method of liver adcnyl cyclase assay’®. A glucagon-like sub- 
stance was also detected in the gastrointestinal tract by radioim- 
munoassay ’^.This technique reveals a glucagon content in the hu- 
man pancreas of 4.0-12.4 gg/g and a content of glucagon-likc sub- 
stance in the human colon of 0.006-0.01 gg/g; the glucagon-likc 
immunorcactivity of the whole digestive tract probably docs not 
amount to more than 25-50% of that of the pancreas. Glucagon 
lias also been identified radioimmunochemically in acid alcohol ex- 
tracts of an undifferentiated bronchogenic carcinoma'®. There is 
no evidence to suggest that glucagon is related to hyperglycaemic 
substances isolated from skin, lymph glands, tongue and spleen. 

Published data on the plasma glucagon level in fasting subjects 
vary from 0.1 gg/1 to 5 gg/1; more recent publications indicate 
that it is below 0.3 gg/l’’*. The glucagon content of the blood in- 
creases in starvation, insulin-induced hypoglycacmia, and phlori- 
zin diabetes ; administration of glucose to phlorizin-treated animals 
or persons with hypoglycacmia causes the blood glucagon level to 
fall®"®. Paradoxically, oral glucose loading also causes a rapid rise 
in the blood glucagon level, an effect that occurs to only a small 
extent when glucose is given intravenously’®. This glucagon-like 
immunoreactivity probably arises from the gut®®. In the blood, 
glucagon does not appear to be bound to plasma proteins’®. 

Glucagon is degraded by the kidneys, liver and other organs 
and to some extent in the blood. Following injection of glucagon 
labelled with “‘1, the hormone becomes concentrated in the fol- 
lowing organs (in decreasing order of amount stored): kidneys, 
liver, pituitary, spleen, lungs, salivary glands, adrenals, pancreas, 
thyroid, heart, duodenum, lymph glands. Hepatectomy and neph- 
rectomy show that the liver and kidneys are the main sites of degra- 
dation of glucagon, in which a proteolytic ‘glucagonase’ of limited 
specificity is said to take part. This enzyme contains SH groups and 
is inhibited by insulin, growth hormone, a-ACTH and a-casein. 
Injected glucagon is thus quickly broken down - in man it has a 
half-life of less than 10 min® - so that it is therefore unlikely to 
be identical with the glycogenolytic or hyperglycacmia-ptoducing 
substances found in the urine of normal individuals, diabetics and 
schizophrenics. 


Biological activity 

Long-continued administration of neutral red results in degran- 
ulation of the pancreatic a-cells and a reduction in their absolute 
number. Rats treated in this fashion develop fasting hypoglycacmia 
and subnormal tolerance to insulin and tolbutamide’®. 

Glucagon administration to mammals, birds and reptiles causes 
a rise in the blood glucose concentration. The magnitude of the 
rise and its duration depend on the dose, the mode of administra- 
tion, the nutritional state of the subject and the species of animal 
being tested. This hyperglycaemic effect is maximal in fed animals 
with plentiful hepatic glycogen reserves, is diminished but not 
abolished when hepatic glycogen stores arc depleted, and is absent 
in the eviscerated animal. The hyperglycacmia induced by gluca- 
gon is accompanied by rapid depiction of hepatic glycogen stores 
in vivo. In vitro (isolated perfused liver, liver slices, liver hotno- 
genates) glucagon is a potent glycogenolytic agent in physiological 
concentrations ’. Conversely, glucagon stimulates gluconcogcncsis 
from amino acids and lactate in the perfused rat liver’®-®®. When 
these substrates are not provided it promotes new glucose forma- 
tion from endogenous liver protein®'. Glucagon has an inotropic 
effect on the heart, where it enhances oxidation of glucose and 

The manner in which glucagon intervenes in carbohydrate metab- 
olism has been largely elucidated. 

etucagon stimu/atcs the formation of adenosine cy clic 3 ,5 -phos 
phate®® and therefore increases glycogcnolysis. This biomo ccular 
Son of glucagon has been observed in the liver and heart but - 


in contrast to adrenaline - not in skeletal muscle®. The action ol 
adenosine cyclic 3',5'-phosphatc. and of glucagon, in stimulating 
gluconcogcncsis from lactate in the perfused rat liver probably 
takes place through activation of phosphopyruvatc carboxylase®®. 
Glucagon causes a significant release of potassium from the liver. 
This phenomenon precedes phosphotylase activation, but it is un- 
certain whether the two effects ate related®®. 

Glucagon is antagonistic to insulin in that it promotes the release 
of glucose in the liver in hypoglycacmia®®; on the other hand it 
also appears to stimulate insulin secretion in man independently of 
its hyperglycaemic effect®®. When added to rabbit pancreatic slices 
it causes release of insulin into the incubation medium, the reaction 
rate increasing with the glucose concentration of the medium®’. 
In man under physiological conditions it is possible that pancreatic 
glucagon is primarily insulinogenic and secondarily hypcrgtycac- 
mic, whereas the glucagon of the digestive tract is primarily hyper- 
glycaemic’®. 

When given to animals in large doses over long periods, glucagon 
produces hyperglycaemia, glycosuria, a markedly negative nitrogen 
balance, weight loss and increased basal metabolic rate, while in at 
least one species (rabbit) it may induce perm.inent diabetes -(mea- 
glucagon diabetes)®®. There is no evidence, however, indicating 
that hypersecretion of glucagon is a pathogenic factor in diabetes. 

Glucagon diminishes gastrointestinal motility®®, inhibits the 
secretion of gastric juice and hydrochloric acid®, and abolishes 
hunger®. In the kidneys it has a diuretic action and increases the 
excretion of sodium, potassium, chloride, bicarbonate, phosphate 
and uric acid®-®®. Here glucagon may again act by producing 
adenosine cyclic 3',5'-phosphate, which may be capable of chang- 
ing the permeability of the nephron (see under ‘Oxytocin and Vaso- 
pressin’, page 723). 

A further action of glucagon is on lipid metabolism, in that the 
hormone promotes mobilization of fatty acids from adipose tis- 
sue®’. Once again the underlying mechanism is probably the 
formation of adenosine cyclic 3',5'-phosphatc (see under ‘Dtcchol- 
amines’, page 733). 

Clinical significance 

Insufficient endogenous glucagon secretion has been postulated 
as a cause of hypoglycacmia in certain patients in whom histologi- 
cal examination of the pancreas showed it to be deficient in a-cells, 
but this remains to be confirmed by measurements of pancrcarie 
glucagon content and serum levels of the hormone in this type of 
patient®®. A pancreatic islet cell tumour in which immunoassay 
revealed large amounts of glucagon has been reported, the pa- 
tient having high scrum glucagon and insulin levels and mild dia- 
betes®®. The full syndrome of glucagon excess as produced experi- 
mentally in animals has not yet been shown to occur spontaneously 
in man. 

Diagnostically, glucagon is useful in the evaluation of patients 
with glycogen storage disease. Depending on the position of the 
enzymatic block in the glycogenolytic pathway, the hypcrglycaemu. 
effect of glucagon may be absent, normal, blunted, or present onli 
shortly after a carbohydrate meal. Atypical results, however, have 
been reported. The response to glucagon has also been used to 
evaluate glycogen reserves in Addison’s disease, diabetes and liver 
disease. In pharmacological doses glucagon stimulates myocardii 
contractility and the heart rate, an effect which suggests therapeu- 
tic possibilities in congestive hc.irt failure®®. 
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His Ser-Asp CJy-Thr'Phe Thr Ser Glu Leu Ser Arg Leu Arg 

Asp Ser Ala Arg Leu Glu(NH^ Arg Leu Leu Glu(NHi) G!y 

I — ' 

LeuVal(NH,) 

This pcAypeptide has been tynthcsiied and ihe synthetic hoi- 
mone shown to have quantitatively the same physiological prop- 
erties as highly purified secretin from swme 
Secretin is released on acid stimulation of the duodenum and 
plays an important part in neutralization of the contents of the 
small intestine It increases the blood fiow to the pancreas, and in 
this organ stimulates not only the exocrine secretion of water (see 
page 651) and bicarbonate (see page 652} but also the endocrine 
secretion of insulin'*. Secretin stimulates the flow of bile by 
favounag the production of a fluid rich in bicatbonate*^. 

Secretin has been shown by radioimmunoassay to be present in 
normal human serum at a concentration of less than 0 4 ug/I in 
fasting and up to 25 ug/i after oral glucose loading'*. 

Cholecystoklnln-pancreozymin 


rmenet of the gasirolnleillnal tract’ 


itrln*'* 



SO, It 

I I 

—Glu Cly Pro Tty Met CU Glu Gtu Glu Gtu Ala Tyr- 
1 2 5 4 5 6 7 i 9 10 tt U _i 

^ly Tty Met Asp The NH, 

» » » 16 17 

aisttin I differs from gaiirin II in having no sulphate gtoup 
lehed to the tyrosine residue The human gastrins ate distin- 
■shed from the porcine compounds by having a leueme instead 
methionine residue at positions* The structure of the canine 


Chole<)scokinin*panerecizymmha$the same spectrum of biologi- 
cal activity as gastrin but its effects differ markedly in intensity com- 
pared to the latter I c is a very weak stimulant of gastric a«d secre- 
two. but unlike gastrin it causes strong contractions of the gall- 
bladder The exocrine discharge of enzymes by the pancreas is stim- 
ulated (see page 652), but the hormone has no effect on the amount 
of pancteaiic juice secreted or on its bicarbonate content Chole- 
cyscoktnin-panereorymin also stimulates the accretion of insulin 
and glucagon'* 


has not yet been Iwlaied Its telease is stimulated by contact of fats 
and sugars with the mucosa of the small intestine. The hormone is 
thought to inhibit the seereiory and motor anivity of the stomach. 

vol 4 . Amlrintc Pnii NewYotk IS&a m—ki ” normnti, 

B>4r . 10B. « <i"m) ■ L . 


«T>e '* Gisirin IS released on stimulation of the vagus nerve, on 
tract of food with the pyloric antrum, and on dilation of the 
^*'t7*’^holine liberated from the nerves acts as inter- 


Chet dose of gastrin'* At high dosages, which inhibit acid le- 
• '^•^’''‘".‘•'""dates the lecrelion of pepsin, il also increases 


^wtin ortgirxaies from the rnucosa of the upper small intestine 
,, * po'ypeptide consisting of 27 tmino-acid residues wtth the 
ftnactute 
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Erythropoietin - Renin-Angiotensin System 


Erythropoietin ' 

Erythropoietin is a factor easily demonstrable in the scrum of 
various animal species under certain circumstances (hypoxia, anae- 
mia, injection of cobalt chloride); it has been shown to stimulate 
crythropolcsis in a specific fashion. It appears to be a mucopoly- 
saccharide or glycoprotein containing sialic acid and has a reported 
molecular weight of 10000-62000^'®. Erythropoietin possesses 
weak antigenic properties'*. 

Erythropoietin can be detected in vivo by studying crythro- 
poicsis (*'Fc-incotporation in erythrocytes, rcticulocytosis) in mice 
or rats in which this function is suppressed. Its in vitro determina- 
tion (for instance in bone-marrow cultures) has proved less suc- 
cessful. An immunoassay method has recently been developed'®. 

1 International Unit (lU) of erythropoietin is contained in 1.48 mg 
of the 1st International Reference Preparation (see page 763). This 
unit is the same as the unit of the Erythropoietin Standard A or B 
of the National Institute for Medical Research, London®. Highly 
purified preparations from rabbit plasma or human urine have an 
activity up to 368IU/mg®. 

The kidneys play a particular role in the formation of erythro- 
poietin, which is either mainly produced in this organ® or is the re- 
sult of the formation by the kidneys of an enzyme (renal erythro- 
poietic factor) that liberates erythropoietin from the plasma pro- 
teins^. Erythropoietin formation is elicited by oxygen deficiency in 
the tissues and may be stimulated by the androgens®, which would 
account for the higher erythrocyte count in men. 

Erythropoietin is barely detectable in normal human plasma by 
biological methods®, but immunoassay has revealed a concentra- 
tion of 7-30 U/1 '®. The hormone disappears fairly rapidly from the 
circulating blood, the half-life being about 2-3 hours’®. Normal 
values for the urinary excretion arc given in the table below; dis- 
crepancies in repotted values can probably be ascribed to differences 
in methods of measurement. The acceleration of cry thropoiesis dur- 
ing pregnancy is associated with increased erythropoietic activity in 
the plasma and, in the second trimester, in the urine ’ '. High levels 
of erythropoietic activity are found in cord blood ’®, and erythro- 
poietin has also been detected in the amniotic fluid’®. Increased 
amounts of erythropoietin have been demonstrated in the plasma 
of many patients with polyglobulism, anaemia, blood loss or hae- 
molysis®- 


Urinary excretion of erythropoietin (IU/24 h) 



Mean 

Range 

s 

Refer- 

ence 

Boys 

1.0 

0.6-1.2 

— 

17 

Men 

2,8 

I.5-5.2 

1.3 

17 

Women 

0.9 

0.5-1.8 

0.4 

17 

Men 

0.54 

0.21-1.2 

- 

ie 

Women 

0.22 

0.16-0.32 

- 

18 

Men in Chacaltaya, Bolivia 
(5200 m) 

9.1 

1.1-22.4 

- 

18 


Biological activity 

Erythropoietin stimulates proliferation of the erythroblasts in 
the bone marrow, increases the numbers of reticulocytes and eryth- 
rocytes in the peripheral blood and promotes the metabolism of 
the bone marrow, reticulocytes and erythrocytes (purine synthesis, 
haem synthesis, DNA synthesis, RNA synthesis) ’®. 
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Renin-angiotensin system ’•® 

Chemistry 

This system consists of a complex enzymatic reaction in w 
the enzyme renin acts on a plasma protein substrate (angioten; 
gen) to liberate the decapeptide angiotensin I (hypertensin I, ar 
tonin I). This latter substance is broken down to the oefapej 
angiotensin II by the action of a plasma enzyme complex (com 
ing enzyme) activated by chloride. Angiotensin II is in turn 
idly converted into inactive peptides by peptide hydrolases (‘an 
tensinase’) present in the tissues (kidneys, liver), erythrocytes 
plasma, its half-life in the blood being about 1 min. These react 
ate subject to the action of various activators and inhibitors pre: 
in the plasma. 

Renin is a protein with a molecular weight of about 43000 
man)®, angiotensinogen a plasma protein belonging to the 
globulin group. The latter is converted by trypsin into a tctndi 
peptide, the so-cailcd polypeptide renin substrate, which is s 
by renin at the Leu-Leu linkage. The structures of this compoi 
and of the angiotensins arc shown in the table opposite. The s 
thctic Val’-angiotcnsin-II-Asp’-fi-amide has the same qualitat 
and quantitative pharmacological properties as naturally occuri: 
angiotensin II ■* and is therefore suitable for use as reference si 
stance. 

Units 

Renin. 1 Goldblatt Unit is the amount of renin that incrca 
the mean arterial blood pressure (measured directly in the femo 
artery) by 30 mm Hg when injected intravenously into nonaiLn 
thetized dogs’. By using angiotensinogen as substrate, renin cc 
centration can be expressed as enzyme activity, 1 unit correspon 
ing to the formation of 1 ng angiotensin per minute®-®. 

Angiotensin. 1 Goldblatt Unit is the amount of angiotensin th 
increases the mc-an arterial blood pressure (measured directly m ti 
femoral artery) by 30 mm Hg when injected intravenously io 
nonanacsthetized dogs ’. Angiotensin concentration can also 1 
expressed in terms of the reference substance angiotensin II (■'' 
above), 1 ug angiotensin II corresponding to about 2.2 Goldol-SI 
Units^. 

Methods of assay 
Renin 

Biological methods, (a) Direct measurement of the hypertensi' 
effect in vivo after intravenous injection of the test solution 
to nonanacsthetized dogs ’ or in vitro in an aorta prcp.irttio® 
(b) Method of Bocher ct aI.®foc plasma renin (renin-like activity; 
Incubation of the plasma containing renin and angiotensinoS®' 
together with activators and inhibitors at pH 5.5 and hVC in th 
presence of Dowex S0\\-X2(NH,), an ion-exchange resin that ad 
sorbs angiotensin and thus prevents its breakdown by angiotensi 
nasc; after elution the angiotensin is determined by its hyper'®^ 
sivc effect on rats, (c) Method of Brown ct al. for plasm-i xen"’ 
After adsorption of the renin in a DEAE-ccllulosc column ant 
subsequent elution the angiotensinogen and ‘angiotcnsin.i.sc a” 
eliminated by acidification; the renin so isolated is incubated wit^ 
bovine angiotensinogen at pH 5.7 and 37 'C and the angiotf.ns - 
liberated determined by its hypertensive effect on rats. ^ 

Chemical methods. Fluorimctric determination of the hydro ; ■ 
products in a synthetic substrate acted on by renin®. This met 
is too insensitive for assay of the renin content of plasma. 
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SlTUiliirt ej engiot€njint 



Mol wt 

Ammo-acid sequence 

Origin • 

lle'-polypeptide-renin substrate . 

1759 

Asp Afg-Val-Tyt He Ho Pro-Phe Hii Leu Leu Val Tyr Set 

1 2 3 4 5 6 7 < 9 10 11 12 13 14 

Equme plasma after 
action of tryps in 

I!e*-angiotcnsinI 

1297 

Asp-Atg-Val-Tyr Ik-Hu-Pro Phe His Leu 
1234S<7B9I0 

Equine*^, poreme**, 
human** plasma 

Vtl'-angiotensmI 

1283 

Asp Atg Val T>tV<l His Pro Phe His Leu 
123456789 10 

B07ine plasma** 

Ile'-angiotensinll 

1046 

Asp Arg Vat Tyt-Ilc His Pro Phe 
12345678 

From Ile‘-angiotensin 1 

Val'.angiotensmll 

1032 

Asp Arg Vat Tyr Val Hii Pro Phe 

1 2 3 4 5 6 7 8 

From Val'-angiotensin I 

Val*-angIotensin-lI-Asp'-fl-tmide 

1029 

Asp(NM^ Arg Val-iyt Val His Pro-Phe 

1 2 3 4 5 6 7 8 

Synthetic < 


Angiolmin 

Biekgical mtlioJt. (a) Direct measurement of the hypcttensiTe 
effect in tito after intravenoui injection of the test solution into 
nonanaesihetued dogs' or in 'fitto in an aorta preparatk>ft*. 


mt^ptoduition ■dcct.Tily''.Tkc„„ of .ldos,t,„„t .ration 
H a duect function of the plasma renin actiritv .» ° 


gate dnnkwg to replace lost fluid M. Ang.otSm 
secretion through a negstiTc feedhaek mfchamsm*"®^ 

Qlnieal aignlflesnce 

Measurement of plasma renin actieity etsahlei a 
ma^ between ptimary aldosteronism^ WecrMsed 
aj^ sewodary aldosteronism (mereased renin"etJnwWt 

be used to cot^rm the renotaseular origin of 
assocwted with renal arterial itenosii ^ "Tt^nension 

Test of Karian and Siiam**- SensitieitT to tKr s.«s. 
effect of an imrarenoui infusion of angiotensm 

™„1., hypott™, 


Rimn tnj tngiolivm ranltn/i »f i/ttJ 



! Renin (U/l) I 1 
Pbsma I 9 0 I 
Hatma 1 4 | 

Angiotensin j 
("Stfl) I 
Plasma 1 60 
Blood ! 95 
Plasma ' - 
Blood 1 21 


Range 

■ 

Method 

Refer- 

0-32 

76 

Biological 


2-10 


Biological 



too 

Biological 

a« 


66 

Biological 

** 

<8-56 


Radioiramunological 

»• 

- 

14 

Radioimmunological 



Biological actWify 

The aetire agent in the renuv-ingiotensin system is free angto- 
leiuinll, which has three rnain effects” 


5* V^ISVT.V il'" ’“"i '58T(19M) 

•• i 1 <f„tr.9A. »lt (1964) 

TiW)' <”«), B.o*« „ .1 

li*^******! •w/<4«.l90 2ISrt4«a\ 

«• 658 <15Mr 

*.s.c . /Vk J« (N rj. 111. 771 (1943) 


•I . O/jii , 


' .22.381(1 
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Plasma Kinins - Corficosteroids 


Ami'.s ct al.J.ilin.Imtst., M, 1171 (1965). 

Vaniii-.h, A.J., PAjilot. /{tf., at, 359 (1967): Ki.au5, D., Dlich.mea. 

o*i OiOQ /in/.*7\ * 


KAri,AN nml Sumi, J.clin.hml., ^3, 659 (IDei). 

Skixcs ct nl.J.ixp.Mtil., 106. 439 (1957), ami 108, 283 (1958). 

SKCcr.s ct 102, 435 (1955). 

lluMcus Cl nl., Stitmt, 125, 886 (1957). 

- S Arakawa ct al., Naliirt, 214, 278 (1967); Auakawa and Nakamuka, Cir- 
cnhl.llti., 21, suppl.2, 101 (1967). 

I'.U.IOIT and Puaht, JlicihimJ., 65, 246 (1957). 

llnow.v ct al., in James, V.II.T. (Eii,), Ihctn! Adrmttiin Endocrimte!y, 8ih 
cd., Churchill, London, 1968, page 271. 

1'lTZSiMONS, J.T.,/. PhysM., 201 , 349 (1969). 

Klaus ct ah, Dhch.mtd, Ttthr., 92, 2114 ^967). 

Genest ct ah, Cimad.mil.Asi.J., 90, 263 (1964). 

Zuu-.MA ct ah, Clin.Sii., 30, 473 (1966), 

■’« IJoYo ct al.. Lam/, 2, 1002 (1967). 

Cast ct ah, I^atd, 2, 1005 (1967). 


Plasma Itlnlns 
Chemistry 

The kinins tire low-moicculnr polypeptides of high ph.^rmacolog- 
icnl activity arising from the action of proteolytic enzymes on the 
plasma proteins. Naturally occurring kinins that have also been 
synthesized arc listed in the table below. 

The kinins arc best detected by means of their contractile action 
on the isolated guinea-pig ileum ot on the isolated uterus of the rat 
in full oestrus. Bradykinin can be determined by radioimmunoassay 
by means of its ”C-acctyl derivative-'. 

Biosynthesis, metabolism 

The inactive precursors of the kinins, the kininogens, arc 
globulins with a molecular weight of about 50000. These give rise 
to the plasma kinins through the action of the enzyme kallikrein. 
A kininogen isolated from bovine scrum yielded 20 gg brady- 
kinin/mg®. The enzyme kallikrein occurs in urine, sweat, saliva 
and faeces, its inactive precursor prckallikrein (kallikreinogcn) in 
the pancreas, salivary glands, gut wall, tongue and plasma*. In 
blood, kallikrein is liberated from prckallikrein in the presence of 
factor Xn (Hageman factor). Free kallikrein is inhibited by sub- 
stances in various tissues, particularly the lungs and salivary glands. 

In blood the kinin kallidin is rapidly converted into bradykinin 
by an aminopcptidasc. In the plasma of adults the bradykinin level 
is less than 2 gg/1®; in cord blood the mean level is 12.8 gg/1®. 
Higher values occur in shock, acute pancreatitis and the carcinoid 
syndrome *. The plasma kinins arc rapidly broken down by pep- 
tidases into inactive fragments*. Kinin-inactivating enzymes arc 
present in many tissues, for instance in the liver, spleen, kidneys, 
lungs and lymph glands. When injected intravenously bradykinin 
is metabolized in the blood with a half-life of 30 s«. Urine contains 
two urokinins with a pharmacological activity resembling that of 
bradykinin and kallidin, but these probably originate not in the 
blood but in the epithelium of the renal tubules*. 

Biological activity 

The plasma kinins have a contractile effect on smooth muscle, 
for instance that of the gut, uterus and bronchi, and lower the 
blood pressure and increase vascular permeability when given in- 
travenously; they cause pain when applied to the base of a can- 


tharidcs blister. The effect of bradykinin on the isolated r 
is about the same as that of oxytocin*. The blood prcssui 
ing effect is due to dilation of the resistant vessels; the hi 
minute volume and regional blood flow are all increased 
The physiological function of the kinins is not known, 1 
in the regulation of the blood flow to the secretory glands 
suggested t*. Bradykinin is possibly involved in the transit; 
foetal to newborn circulation*. 

The plasma kinins play a role in two diseases, hereditar 
neurotic oedema, due to a dominantly inherited, congen: 
cicncy of plasma kallikrein inhibitors”, and the carcini 
drome, in which the flush-producing principle is idcntii 
bradykinin '*. The role played by the plasma kinins in in 
tory reactions remains obscure, but it seems that the kinin- 
system is activated wherever tissues ate damaged”. Kini 
been detected in the synovial fluid of patients with arthri 
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Corticosteroids 

(adrenocortical hormones) (for references see pages 750-751) 
Chemistry 

The corticosteroids consist of C.j-stcroids containing a 
three oxygen atoms and arc present in the adren.!! cortex, 
and urine'. The structural formulae of the seven most imp 
biologically active corticosteroids arc shown below. Biol 
activity requires the presence of the A*-3-kcto conficurati 
ring A and of a keto group in the side chain. Characteristic of 
stcronc is the aldehyde group (C-IS). Other steroids formed 
adrenal cortc.x .arc pregnanetriol and the androgens dchydi 
androstcronc, androstenedione and llff-hydroxyandrostcncc 


Cortisol (hydrocortisone) Cortisone 



Sirnciure and biological activity of natitrally occurring plasma kinins'^ 




Structure 

Rclitlivc activity | 


in vitro* jin vivo**, 

Bradykinin (kallidin I, kaUidin-9, 

1060 

Arg-Pio-Pro-Gly-Phc-Scr-Pro-Phc-Arg 

100 ! 100 1 

1 ! 

kinin-9) 




Kallidin (kallidin 11, lysylbrady- 

1188 

Lys-Arg.Pro-Pro-Gly-Phc-Scr-Pro-rhc-Arg 

33 I 190 j 

kinin, kinin-10) 



j < 

Methionylkallidin (mcthionyl- 
lysylbracfykim’n, kintn-I t) 

1329 

Mct-Lys-Arg.Pro-Pro-GlyPhc-Scr-ProPhc-Arg 

25 1 - ; 



* Contraction of the isokitcd guinea-pig ileum. 

lowering of blood pressure in rnbbits. 


Ocniirtert 


Bovine pb-*' 
hum.in plita’ 

Bovine pl.t''' 
huni.in pl-i'a’ 

Bovine pl.'sf 





Cortrcosteroids 
(Fo< Mft«oee» *« I>»ee* 750-751) 
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(crone 

(ll-dchydroconicosteronc) 



lota), those affcetmg carbohydrate metabolism (cortisol, cortisone 
and, less active m this respect, corticosterone) in the middle Ii>er 
(coos fascicului), and the IT-ketosteroids (crainly dehydroepun- 
drosterone) m the innermost layer (zona reticularis) 

The pattern of corticosteroids secreted diffen from one animal 
species to another. In man, those secreted in the largest amounts 
arc cortisol and corticosterone. The cottisol/corticosterone ratio 
inthevenous blood of the adrenals is 0 5-5, in the peripheral bloixl 
5-30, the difference being due to the more rapid breakdown of 
cotticostetonc'*. 


Dcoiyeonicoaierone (ctinexonc) ll-Deoxyeoiinol (cortcxolonc) 



\iiay* 

The hormones must first be ezteseted from the tissue by means 
I suitable solvent Dutmg ezttaetion and subsequent operations 
tare mutt be taken to avoid the formation of artefacts, either as * 
Ktult of autoidation in ait at of the techniques employed 
Bv using gfoup-specifie methods, vstious classes of steroids can 
be determined (see the table on page744)i>^ If individual 


veloped* 


used for conisol and cortisone rregninetriol can be determined by 
ibe methods ofDoNCiot ansi and EaexitJN ’ * »*ot lUKKNCssand 
dthydtoepiindtoitetone by the method of rtmiExsr" 
The many biological methods fos assay of corticoM«o«ds (tof » 
review tee DoxfUSN't), while no longer of clinical interest, are 


naiectomized rats after iniection of these isotopes’* 

Biosynthesis, secretion, metabolism 
W the steroids formed in the adrenal cortex, those affecting salt 
and uater balance (aldosterone and. less aetive in ibia respect, 
eortieoiieeone) originate in (he outermost layer (zoru glorwni' 

nuirnt »/ tki normal airtnal j/jiu/** 

Aldosterone 

Cortisol 

Cortisone 



(unUKutitnpagi 7^5) 


Ralti ef itfrtlum ej eerlicetlereiJs 



Mean 

Range 


Refer- 

ence 

AlJorttram (vLg/24 h) 





Newborn 

23 

9-41 

12 

7* 

Infant 

72 

25-138 

29 5 

7S 

Quldten, 1 15 years 

91 

57-162 

30 4 

7* 

Adults 

80 

39-138 

30 8 

7* 

Adults 

135 

70-210 

_ 

7» 

Men, 18-35 years 

77 

40-110 

_ 

77 

Men, ti/-8S years • ... 

34 

20-72 

_ 

77 

'OComen, proliferative phase . 

139 

_ 

44 

7* 

Women, iuteal phase .. , 

235 


101 

7* 

Women, pregnant .. .. 

- 

387-2912 

- 

7l 

Cerlutiltnmt 
(mg/24 h) 





Adulis . . 

23 

1 S-4 0 

_ 

»» 

Adults 

322 

21-42 

_ 

«l 

(mg/24 h/m* body surface) 





Infants up to 3 months . . 


_ 


•• 

^ Children. .... 




sx 

CfUiml 
(mg/24 h) 





Infants up to 3 months . . 





Children 

16 




Adults . 


4 9-27.9 



Adults 

16 0 

10 5-23 5 



Women , . . . 

17 5 

11.4-20 9 


tt 

1 Men . 

21 0 

15 9-27 4 


4, 

! Old men 

17 7 

12 3-23 0 



Pregnant women 

15 0 

113-18 9 



(mg/24 h/m* body surface) 





Newborn, up to 5 days . , 

187 


3.7 


Infants, S-20 days . . . 

13 9 




Persocu, 4 montbs-20 years . 

121 

- 

29 

.r 

Ch^J^mpianlniltToOi tn/phatt 





(mg/24 h) 





Women ... . , 

12 

10-18 5 



Men . . . . 

17 

14-22 

- 


Dno^arlmtlmni ([«g/24 b) . . 


50-160 

- 

."7 

ff-Orovjwn/e/ (mg/24 h) .. 

- 

0 20-2 0 

- 


U-Hjin'tjnrluail&oni{\igl2ih 

305 

145-460 






744 


Corticosteroids 

(For references see pages 750-751) 


Group-sptcific tfjethods of corticosteroid assay 


! ‘ " 

Steroid class 

Specific chemical structure 

Method 

f 

) Reference 

PonTtR-Sii-nr.R chromogens 

17,21-Dihydroxy-20-keto 
(dihydroxyacetone) side chain 
(sec below) 

Colour reaction with phenyl- 
hydrazine in ethanolic sulphu- 
ric acid 

Porter and Silber®’, 
Peterson et al.®^ 

21-Dcoxyketols 

1 

17-Hydroxy-20-kcto-21- 
dcoxy side chain (see below) 

Specific oxidation to 17-kcto- 
stcroids followed by Zimmer- 
xtANN’s reaction (see under 
T7-Kctostcroids’ below) 

AppEEBVand Norymberski®® 



Vanillin-phosphoric acid 
method 

McAleer and Kozlowski 

17-Kctogcnic steroids 

j 

Side chain as shown below 

Specific oxidation to 17-kctO' 
steroids followed by Zimmer- 
mann’s reaction (see under 
T7-Kctostcroids’ below) 

i 

Nory'mberski et al.®® 

Total 17-hydtoxycotticosterotds . 

i 

1 

Side chain as shown below 

i 

1 

Specific oxidation to 17-keto- j 
steroids followed by Zimmer- * 
mann’s reaction (sec under 
T7-Kctosteroids’ below) 

i 

Appleby et al.®®. Few ®^ 

17-Deoxycorticosteroids 

17-Deoxy-20-ketO'21- ' 

hydroxy side chain (sec below) | 

i 

1 

( 

Specific oxidation to aldehydes j 
and colour reaction of hydrox- , 

amic acids ' 

1 

Exley et al.®® 

Reducing corticosteroids 

i 

1 

20-Keto-21 -hydroxy side 1 

chain (o-ketol group) | 

1 

1 

Alkaline reduction of blue 
tetrazolium to a coloured 
diformazan 

M-ader and Ruck ®® 

ll-Hydroxycorticostcroids 

A‘-l 1-Hydroxy configuration ! 

Fluorescence in ethanolic sul- 
phuric acid 

Mattingly^®, Silser^’ 

A‘-3P-Hydroxystcroids 

A’-3P-Hydroxy configura- 
tion (e.g., pregnenolone, but , 
not cholesterol) 

Colour reaction in ethanolic , 
sulphuric acid 

Oertel and Eik-N’es 

A*-3-Ketostcroids 

1 

i 1 

i i 

a,P-Unsaturated ketones 

Colour reaction with isonico- 
tinic hydrazide 

Umberger 

i— — ^ r~ n 

1 17-Kctosteroids 

1 

Contain -CO-CHj- group; ; 
the 17-keto group is the most 1 
reactive 

j 

Colour reaction with rz-dini- 
trobcnzcnc in alkaline solution 

ZiMMERMANN' '■* 

Structure of steroid side chains 




1 1 H IK 

-C-C-CHj -C-C-CH, -C-C-CHj 

irtll OH OH OH OH OH OH 

PORTER-SiLBER 

chromogens 

1 

-C-C-CH, 

1 II ^ 

OH 0 

21-Dcoxykcto!s 

1 

-C-C-CH. 

1 ii r 

H 0 CH 

] 7-Dcoxycortico5tcrc': Js 

17-Ketogenic steroids 



Total 17 -hydroxycorticostcroids 

" 

" 





-le tecretcd »teioid« as a lesulc not only of metabolic actioii but 
Iso of the analytical procedures Best results arc giTcn by isotope 
lilution techniques'*'** 

In health, the normal adult secretes 5-28 mg cortisol per day 


CtriiiMtrtiJi m p/jt^a (ug/l) 



Adults , 36 - I 18 ** 'I 

Adults . 11 5-20 I 3 ** I 


Ctftiml 


CwiicatUnid fractions m plasma (ug/l)** 



Newborn, up to 12 hours 
Infants. 12-24 hours 
Infants, 36-48 hours 
Infants, 1-5 months 
Cord blood 
Infants, 3-7 days 
ChJdren, 3 months-5 years 
Children, 11-17 years 
Adults 

Adults 

Coftimt 

Newborn, up to 12 hours 
Infants, 12-24 hours 
Infants, 36-t9 hours 
Infants, 1-S months 

^t-Dn-cyrortise! 

l''f!nane'T«il 
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Corticosteroids 





>rticosteroids 747 

eitocc* ue |>agci 750-751) 


idcoMcrone ii excreted mainly unchanged. Almost all the me- 
Ites appear in the conjugated form as gtucuronides or sol- 
es. For a further discussion of eorticosteroid metabolism see 
:s42»-430 


ne scheme opposite There ate differences of opinion as to which 
the usual corticosteroid fractions determined in urine - the 


<lt 



Cortisol 

Cortisone 

Aktosntone 

U8/24h 

08/ 

Hh/kS 

body 

weight 

M/24h 

ug/ 

2J^k8 

body 

weight 

Ug/2<b 

ug/ 

24h/kg 

b^r 

weight 

■'p to 1 year 

10 

on 

69 

0 86 

21 

0 24 

i-Sy«an 

39 

023 

14 4 

0 83 

35 

023 

i-10 years 

73 

0 26 

239 

076 

49 

017 

ll-15yeart 

144 

0 29 

35 2 

071 

65 

013 

16-20 years 

20 6 

0 33 

47 2 

0 76 

66 

010 

ZMOyears 

313 

0 42 

65 7 

0 89 

75 

010 


‘Uurj nriitti/trtid durui^prtSiaiKy*^ 



Urmarj txtnlton bJ strUmttroidi 
(▼aloes foe adults unless otherwise stated) 



M..a 


Refer- 

AUoslerone (|ig/24 h) 

5 

2-10 

.r 

AUaittnntifru (ng/24 h) 




Newborn 

- 

0 03-01; 

** 

Adults . . . . 

- 

0.17-0 63 

» 

it-AIdosItrotti glucvnniJi (iig!24 h) . . 




Newborn 

- 

0 4-2 5 

»• 

Adults 

56 

3 0-12 0 


CertuBt/erBot (mg/24 h) 

0 02 

0-0 04 


Cbt/uoI (cng/24 h) . . ■ . > 

0 07 

0 03-0 09 


CBr/iiBl,frtt{r!\gl24b) 

0 019 

- 

»«0 

CBrlitelglutureni'Ji (mg/24 b) 

0 025 

- 

nra 

CbtIiibiu (mg/24 h) 

0 09 

0 06-0.14 

.7 

CBTliietu, frt! (mg/24 h) 

0 057 

- 

»0<> 

Cerl$iBne giacureuM (mg/24 h). . 

0 063 

- 

rvo 

Cortolimt (mg/24 h) 




Men 

1 

0 3-2 9 

»» 

Women . 

1 

0 5-16 

** 

f t-DtfyJrBteriini/trtiii (mg/24 h) . 

001 

0-0 03 

.7 

6^'Uyir«xy{«rtUBt (mg/24 h) 




Men 

0 44 

- 

»* 

Woftten ... 

0 37 

- 

** 

t6‘tljirBxjitt>iir«<bia>\drBiltnni 

(mg/24 h) 




Newborn, up to 7 days 

0 29 

0 0-11 

»«r 

Infants, 4-6 months 

004 

0 0-016 

re. 

id-Hjin-KjprtffunBiunt (mg/24 h) 




Newborn, up to 7 days 

0 98 

0 05-3 6 

r#( 

Infants, 4-6 months .. . 

0 02 

0 0-0 08 


Pngututrnl (mg/24 h) 




iJiildten before piihrriy . . . 


<01 

.0* 

Men 

_ 

On-0 97 

rea 

Women . . . . 

_ 

011-0 45 

raa 

TtfraAyJrBaUarltrm (ug/24 h) 




Newborn. . . 

_ 

1.9-7 2 

St 

Adults . . 

- 

40-60 

»* 

Tttrakyt^BtBrtmilirBni (mg/24 h) . 

0 20 

0 10-0 36 


all<f-Ttlri^jdnnriu»iltn>u (mg/24 h) 

0 20 

0 08-0 36 


TttmkfJnrtrtinl fm»/?4 h\ 

1 0 



Men 

22 

0 8-2 8 

,1 

Women . . . 

1 9 


tf 

alfB-Tf/rJirdrttartinKmpI?* h) , , . . 

04 

01-07 

*7 


1 1 

0-2 8 

as 

7>rra4)>Awr»«>>r (mg/24 M ,, 

27 

10-3 8 


Tttn4ydr»-1}^4jirBe»Ttu»iltrent ... 
(mg/24 h) 

016 

0 Q6-0 24 


TtlrakyJrB-lt-JterynrUiBl (nig/24). . 

0 06 

0 02-0,10 





10 20 30 40 50 60 70 SO 


44 -- 




10 20 30 40 50 70 SO 


Age (years) 


Age (years) 


17-ketostcroids, the 17-ketogenic steroids or the ll-hydrosycor- 
ticosteroids - best represents the corticosteroid production of the 
adcenals72.77.ss. jn men, about two-thirds of the total 17-keto- 
steroids are corticosteroid metabolites, one-third testicular steroid 
metabolites; in women they arise mainly from the corticosteroids, 
with a small contribution from the ovaries. 

In assessing the significance of the urinary aldosterone excretion 
the state of hydration of the body as well as the potassium and 
sodium balance must be taken into account. The urinary prcgaanc- 
triol level isavaluableindication in patients withcongcmt.aI adreno- 
cortical hyperplasia. 16oc-Hydroxypregncnolonc and 16a-hydtoxy- 
dchydroepiandrostcronc - both steroids of adrenal origin - have 


been found only in the urine of the newborn and infants; they 
prob.ably precursors of the oestrogens formed by the pl.iccnt.'- 

Functional tests 

The functional capacity of the adrenal cortex is derctmir.ccl b.t 
assaying the corticosteroids in the blood or urine after an 
nous dose of ACTH, usually 25-50 lU given intravenoush 
Marc recently, the synthetic polypcptiric tctr.icosscnin (3' " 
cotropin) has also been used for this purpose^'': in 66 
an intramuscular dose of 0.25 mg the plasma level of n-lij’dm''. 
corticosteroids rose from t47iJLg/l to 3l4;xg/l within 30 minute. 
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Tj txcuUon of iJ-kihsleroiis m ihiljrin anJ aJklli (tng/24 h) 




ll-Hydroxy. 

aeticxholanolone 

tl-ilydioxy- 

andfOstcroRc 

11 Keio- 
•etiocbolanalone 

Dehydrocpi- 

indroiierone 

^etiocho- 

lanolone 

Androitetone 

Refer. 

Mean 

Range 

hfean 

Range 

Mean 

Range 


Range 

Mean 

Range 

Afean 

Range 

lys, 3-12yeari. . . . 

9 

0.35 

0.03-0.88 

0.45 

0 09-092jo34 

003-0 621010 

<001-0 33 

0 35 

0 04-0 82 

0 32 

0 07-0 82 


iris, 3-U years . 

14 

0.25 

0 01-073 

0 64 

C.lO-1.74 

033 

0.03-084 

008 

<001-0 34 

0 50 

0 01-1.56 

0 67 

0 01-2 28 


:en, 19-43 years . . 

10 

06 

0 3-1.1 

1 6 

10-il 

06 

0 5-14 

23 

0 8-6 4 

28 

1 4-5.1 

3,4 

15-6 0 

104 

omen, 18-43 years 

25 

06 

0 2-12 

1 4 

0 2-29 

0.7 

0 2-14 

1.1 

0 1-2 6 

27 

0 7-4 3 

3,1 

0 9-4 8 

104 

len, 50-71 years. • 

11 

08 

0 2-2 2 

1.7 

0 8-31 

07 

0 2-1.5 

07 

<0 1-4 0 

25 

1 1-5 0 

1 8 

10-3 8 

104 

'omen, 46-70 yean 

21 

06 

0 2-1 5 

1.0 

0 5-1.9 

0.7 

0 3-14 

03 

<0 1-0 7 

22 

0 9-3 7 

1.3 

0 5-3 8 

104 

fen 

8 

0,7 

0.3-1 6 

06 

03-10 

07 

0 2-t.l 

06 

01-14 

2 1 

10-31 

21 

1.1-3 5 

-OS 


8 

09 

0 6-1 9 

0.5 

01-09 

05 

02-07 

04 

0 1-1 1 

1 9 

13-3 9 

16 

0 3-3 6 



)ise»M of the adrenal cortex can be identified by means of ste- 
i luppression tests These depend on the fact that cortisol secre- 
1 by the adrenal cortex - so lonj? as it is dependent on the pitu- 
y ACTH - can be suppressed by exogenous doses of tortieo* 
colds A test of this kind using oral doses of dexamethasone has 
cn ttandardiaed by LtontE** The metyrapone test is described 
page 717. 

Unlike the ehemieal assay of cottieosteroids m body fluids, in- 
xet functional tests are not of great diagnostic xalue The com- 
inest are the eosinophil test (TitoaN’s test) the diuresis test*' 
d tests mTolxing studies of the electrolyte balance 


metabolism At the same time corticosteroids promote the forma- 
tion of mcssenger-RNAand the de novo synthesis of en 2 yme$«'« 
Possibly this activity derives from a direct effect of corticosteroids 
on gene activity^' __ 


ronical function are refiected iP changes m electrolyte and ■aatei 
balance Hypofunctioning of the gland results in loss of sodium in 


viiy, as shown in the table below There ate slsospeeiesdiflerences 
ithe activity of the corticosteroids, this it particularly marked be- 
leen rats end man^e 

Oft the basis of their activity spectra the eorticoscetoids ate often 
lattified into mincralo- and glucocomcosteroids A strict elassifi- 
itioft m this way is, however, impossible since the activity spec- 
ra overlap Corticosteroids with an oxygen atom at C-11 mainly 
ive an etfcct on catbohy drace and protein metabolism The action 
'f conicosteroids on mineral meiabolisrn is essential for the mam- 
eoance of life, and death ensuing after complete failure of the adre- 


AilKkfiatrMi^tltandprcltiHmtuMtim^' In animats that have 
been adrtnalectomued, iiatvaiion leads to rapid depletion of the 
carbohYdtiie reserves, with lowering of the blood sugar level and 
glvcogen content of the liver and muscles AdrenaicctomizeJ ani- 
mals are slso hypersensitive to exogenous insulin Similar distur- 
bances of carbohydrate metabolism occur m patieniv with Anoi- 
sos s disease Admirustntion ol corticosietoids reverses these 
charges Corticosteroids cause a rise in both nitrogen excretion 
and the iminoacid content of the blood, whence it can be con- 
cluded rh— ....... ~ i,, — j i_v j. , . 1 


»itii a reduced response to insulin 

This eaiabolic action of the corticosteroids is reflected in sissi 
hreakdown^ diminution of the muscle mass, osteoporosis at 
thirtfttog of the epidermis The mechanism of these processes h 
been only panialW elucidated 

Conicosteroids also have sn ePect, both in vivo and m vitro, « 
' * ariivitv of many enavrnes** Thus m the liver they tncrea 
the tctiTity of R!ueos<-6-phosphata5e ind eruymes. like tty ptoph 
n«eei\ast »nd tyrosine aminotransferase, involved m amino-ac 


have markedly greater effects of» mmeta! metabolism than cortisol 
Both aldosterone and deoxycorticosterone augment the reabsorp 
non of sodium in the distal renal tubules and at the same time 
promoie potassium excretion, while the resulting sodium retention 
results also in water retention Aldosterone most Imely 
pcomotiitg active sodium transport, as has been demonstrated in 
ihe unnary bladder of the toad The first event is possibly a direct 
involvement of aldosterone m the nuclear synthesis of messenger 

RNA*® 

Cortisol acts in a different waV Like aldosterone, but to a lesser 
extent, it promotes sodium reabsorption in the distal tubules, but 


Rtlalirt acting »/ i«rlitotlerQiJs ill adrtnatirtkmizfii eninuls^^ 
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the increased potassium excretion seems more likely to bo due to 
mobilizationof tissue potassium than tonn enccton renal function. 
The lowered diuresis occurring in adrenocortical insufficiency cm 
be corrected by giving cortisol but not aldosterone. Cortisol ap- 
pears to be necessary for maintenance of tubular function .and thus 
of normal diuresis. 

Adioii on blood circiilalm. This is mainly secondary to the action 
on water and electrolyte balance (reduction of plasma volume and 
increase in blood viscosity in adrenocortical insufficiency) but the 
corticosteroids also have a direct effect on the capillaries, arterioles 
arid myocardium.Thc stimulating effect of corticosteroids on adren- 
aline release is also reflected in circulatory changes. 

Attion on vimdes. The impairment of muscular function in adre- 
nocortical insufficiency is primarily a result of the reduced circu- 
lation. In primary aldosteronism muscle weakness is due to the 
lowered blood potassium level, in Cushing’s syndrome to the in- 
creased breakdown of muscle. 

Attion on the tentrai nervous system. The corticosteroids affect the 
excitability of the brain and the emotions. This is mainly a result of 
the action of these substances on the cerebral circulation and on the 
metabolism of Y-aminobutyric acid and electrolytes in the brain'*®. 

Action on lymphatic /irn/fr. Exogenous corticosteroids give rise to 
marked involution of the lymphatic organs, with involvement of 
both the parenchymal and reticular connective-tissue cells-*®. In 
the initial phase there is characteristic breakdown of the thymocytes 
in the thymus and of the lymphocytes in the lymph glands and to 
a lesser extent in the spleen. Following this lymphocytolysis is a 
second phase marked by inhibition of new cell formation on the 
one hand (manifested by the absence of mitosis in the thymus, 
lymph glands and spleen) and by degeneration of the reticular con- 
nective tissue on the other. 

Corticosteroids cause both an increase and decrease in the num- 
bers of circulating antibodies; the mechanism of these effects is 
still largely obscure. In man, as in monkeys and guinea-pigs, cor- 
ticosteroids seem to have little effect on antibody formation, but in 
rabbits, rats and mice antibodies may bo suppressed by these sub- 
stances under certain conditions. 

Action on eosinophils. Administration of corticosteroids or ACTH 
reduces the numbet of circulating eosinophils, an effect utilized in 
Thorn’s test for adrenocortical insufficiency .The mechanism is un- 
known®®. 

Anti-injiammatory action. Administration of glucocorticoids in- 
hibits or suppresses most inflammatory processes of a toxic, aller- 
gic, infectious or traumatic nature. Their effect is, however, merely 
palliative, and the symptoms reappear when the steroids ate with- 
drawn®'. This action has been ascribed to a protective effect of 
corticosteroids on the lysosomc membranes®®, the liberation of 
whose protein-splitting enzymes is thought to cause inflammation. 

Action on the pituitary. The circulating corticosteroids exert an 
inhibitory action on pituitary secretion of ACTH (for further dis- 
cussion see page 717). 

Synthetic steroids. Chemical modification of the steroid skeleton 
has resulted in synthetic compounds of greater physiological activ- 
ity and higher specificity than the natural corticosteroids. Over 


Physiological activity of natural and synthetic steroids ®® 



Anti- 

inHani- 

matory 

activity 

Sodium 

reten- 

tion 

Potas- 

sium 

ex- 

cretion 

Effect on 
carbo- 
hydrate 
metabo- 
lism 


1 

1 

1 

1 


1-1.25 

1-1.25 

1 

1.25 


3-5 

slight 

slight 

3-5 

(1-dehydrocortisonc) 

3-5 

slight 

sVight 

3-5 

(I-dchydrocortisoI) 
6a-McthyIprednisolonc . . . 

3-5 

10-15 

none 

300-900 

slight 

10-25 

3-5 

10-25 


3-5 

none 

slight 

3-5 

(9a-fluoro-16a-hydroxy- 

ptcdnisolonc) 

15-28 

none 

slight 

30 

(9a-fluoro-l dot-mcthyl- 
ptednisolonc) 








1200 biologically active steroids, natural and synthetic, at 
known. In the table on this page the effects of some S)’nthci 
roids arc compared with those of cortisone and cortisol. 
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AndreitciMdione Andro>*»''edlooe 



D«h]rdtocpIand(Oittrone 



Stecouls with androgenic activity have also been synthesized 
example IT-methyliestosierone and fiuovymesinonez. Synti 
long-ehain esters of testosterone (testosterone cypionate, ti 
sterone cnanthate, testosterone phenylacctate) show prolongec 
drogcnie activiry Other testosterone derivatives with an anal 
but less actively vinlizing elfeee have been synthesized, for exar 
methandtostenolone, 19-nortestosterone, norethandrolone 

Unit 


0 1 mg andtosierone. 

Methods of assay* 

Androgenic activity can be measured biologically on birds (cs 


6t.>svj«trw»U, aectetlntw 



C • V w b> '<• -vr-ivi.i-1-..uiw-LeiulK: w o-w I iiig, ttie c 

sponding amounts for the adrenal cortex being 2-3 mg 
9-10 mg tespectiTely '» (see also page 743) Androstenedione 


Androgtnt ’ ' (for nfcrcncci mc page 793) 

Chtmlitry 

The androgens comprise a group of steroids the sdministraiion 
^ "vhich compensates foe the effects of castration in the adulr mak 
and promotes the development of the mate accessory re- 
pfoduciive gland* and secondtry sexual characectisiKS m the sex- 
'“lly immature animal 


Letdig cell* appear* to be stimulated only by the 

ail IICC3'».'' whet-sv .rlrpnnrort.r,l 
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Produttion ralts oj androgtns (mg/24 h) 



Mean 

Range 

/ 

Refer- 

ence 

Tet lost front 





Men 

7 

- 

— 

24 

Women 

0.34 



24 

Men 

- 

3.58-7.56 

- 

2S 

Women 

- 

0.42-0.94 

- 

m 

Men 

6.8 

- 


B 

Women 

0.23 

0.13-0.33 

0.073 

H 

Androstenedione 





Men 

1.4 

- 


24 

Women 

3.4 

- 

- 

24 

Women 

3.3 

1. 7-6.3 

1.86 

27 

epitestosterone 





Men 

0.22 

- 

- 

2$ 


irogtns in plasma 



Mean 


■ 

Refer- 

ence 

"estosterone (pg/l) 

Men 

8.0 

5-11 

2.5 

22 

Women 

0.69 

- 

- 

22 

Men 

6.4 

3.2-13.0 

2.0 

24 

Women 

0.36 

0.13-0.80 

0.09 

24 

Women 

0.37 

0.20-0.70 

0.09 

22 

Pregnancy 

20-31 weeks 

3.8 

3.0-4.6 


14 

39-42 weeks 

9.0 

5.9-11.7 

- 

14 

Androstenedione (pg/l) 
Adolescents 

0.50 


_ 

2$ 

Men 

0.60 

_ 

0.12 

27 

Women 

1.40 

- 

0.32 

37 

Women 

1.67 

0.9-2.1 

0.40 

as 

Oehydroepiandrosterone 
nlphate (mg/1) 

Men 

1.5 i 



20 

Women 

1.0 j 

- 

- 

20 

indrosterone sulphate (rog/1) . 

0.4 1 

1 


- 

30 j 


1 



! 


1 on testicular fimction in men and on virilizing processes and 
ipathic hirsutism in v?omen^. 

"cstosterone in/ectcd into the blood stream is rapidly broken 
en, the half-life being about 4min'^. The most important 
akdown products of testosterone and androstenedione are an- 
sterone and aetiocholanolone (sec page 746), the excretion of 
ich is discussed in connection with the 17-kctostcroids in thescc- 
1 on ‘Corticosteroids’, page 749. In urine, testosterone is present 
niy as the glucuronide, dchydtoepiandtosteronc mainly as the 
)hate. Published data on the tirinarj’ excretion of testosterone 
conflicting, but recent values from which the variation wit 
can be seen are shown in the table and figure on this page- < ' 
plasma level, the urinary excretion of testosterone in , 
tuates during the course of the menstrual cycle ’ , 
imum during and immediately following menstruation ■ ‘ 

:imum during the lutc.al phase of the cycle. The urinarj 
one excretion may fail after the menopause 


Urinary tes/oslercne excrelion (iigl24 h) 


hfcan 


Range 


Ttslosleront, total 
Children, <10 years 

Men 

Women 

Men, 16-20 years . . 
Men, 21-63 years . . 
Women, 20-55 years 


0.4 

37 

7.7 

78 

51.7 

6.5 


( 


0 . 1 - 0.8 

20-65 

3-14 

60-103 

40-65 

2.1-10.7 


Testostmne glucuronide 

Men 

Women 


72 

12 


I 

j 

33-120 j 
7-18 i 


Testosterone sulphate 
Men 


-5-10 


Testosterone, free 

Men 

Women ...... 


1.1 

0.7 


Epitestosterone glucuronide 

Men 

Women 


182 

36 


Testosterone excretion in normal men (mean ± 2 x standard dcviatioi 
68 subjects)'^ 



Age (yeai 


Biological activity 

Testosterone has an anabolic effect on protein metabolism- 
and this hormone and its synthetic derivatives have been shown I 
promote nitrogen retention and accelerate the recovery of pcrsoi 
suffering from nutritional protein deficiency. Testosterone h; 
more marked effects on boys before puberty and on women th.i 
on men. The site of action of the hormone in protein s)-nthcsis 
probably the transfer of the s-RNA/amino acid complex to tl- 
ribosomes. 


Comparative activities of androgens ' 


1 Testosterone | 

; Androstcronc 

1 Androstenedione 

! Androstanedionc ■ 

I Dehydrocpiandrostcrone . 

i Methyltcstosteronc , 


Oipon 

comb 

test 

I Seminal | 
I vesicle test ’ 

1 ; 

VirHiiir 

ciTect 

(won'cr 

100 

S 1 

1 

m 

10 

10 


12 

20 

<5 

12 

14 

- 

16 

3 

<:5 

60 

- 

- 
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S^thetic progestational steroids are mostly derived from 17a- 
acetoxyptogesterone^ In addition to their progestational effect, de- 
nvativeaofl9-nortestosterone have a marked androgenic action^ 


Methods of assay 

Bio}aiicalK For clinical purposes biological tests are either not 


semicaibaaone at 280 nm* Fluotimetric, colorimetric and more 
rccetuiy gas-chromatographic and double isotope dilution tech- 
niques are also available Ptegnanediol is best determined coloti- 
metrically, for instance by the method of Klopper et al ®, or by 
gas chromatt^raphy. 


Biosynthesis, secretion, metabolism^** 

Progesterone is an intermediary metabolite in the biosynthesis 
ofall other steroid hormones, and is secreted by the adrenal cortex, 
ovaries, testes and placenta The corpus luteum of the ovaries and 
the placenta ate the quantitatively most important sources. The 
amount contained in these organs (corpus luteum ca 20 |ig/g*, 
placenta 2-4 fig/g'*) is small in comparison with the amount se- 


terooe production remarns roughly proportional to the weight of 
the pbeenta, at term it is about 250 mg per day'*. 


PnJtutien ralti «/ proiniereni onj pripunahnt* (rag/24h) 


PngtHereiu 

Men 

Men, 23-34 years 
Men, 74-79years 
Women, ©vaneetomiaed . . . 
VC omen, proliferation phase. . 
Women, luteal phase 


Prtpirmhni 
Men. 23-34 years 
Men, 74-79 years . . 


^(ean Range 


1 1-6 5 
3 2-7 4 
0 8-1 9 
0 9-2 5 
2 5-5 4 
22-43 


9-22 
2 6-5 1 


Pbsma levels of 


I of progestetone and some of it 


to albumin'* plasma proteins, principally 

AUubobim Injected progesterone *• 
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Progesterone 


Plasma Itvth of progtsUnne and its metabolites (tig/1) 



Mean 

Range 

/ 

Refer- 

ence 

Progesterone 

Women, proliferative 
ph.isc 


0-5.3 


3f 

Women, luteal phase . . . 

_ 

6-21 

- 

31 

Women, proliferative 
phase 

1.13 


0.49 

32 

Women, luteal phase . . . 

10.4 

- 

3.2 

32 

Women, ovaricctomizcd 

0.39 

- 

0.10 

32 

Men 

0.28 

- 

0.13 

32 

Men 

0.28 

<0.15-0.48 

- 

33 

Umbilical vein 

372 

- 

60 

34 

Umbilical artery 

140 

- 

18 

34 

1 7a-Hydroxyprogesterone 
Women, proliferative 
phase 

0.42 


0.20 

27 

Women, luteal phase . . . 

1.74 

- 

0.46 

27 

Men 

0.95 

- 

0.31 

27 

Umbilical vein 

6 

- 

- 

34 

Umbilical artery 

33 

- 

- 

34 

20ct.-Hydroxypregnenone 





Umbilical vein 

10 

- 

- 

34 

Umbilical artery 

27 

- 

- 

34 

20^'Hydroxypregnenone 





Umbilical vein 

3 

- 

- 

34 

Umbilical artery 

14 

- 

- 

34 

Prepianediol 





Women 

- 

65-129 

- 

35 


probably originates tnainly from the steroids formed in the adrenal 
cortex. After ovulation, pregnanediol excretion increases and in 
the luteal phase usually reaches 2-6 mg/24 h. In this phase the 
greater part of the pregnanediol arises from progesterone secreted 
by the corpus luteum. A few days before menstruation pregnane- 
diol excretion begins to fall, reaching a minimum 2 or 3 days after 
the start of the period. 

The progesterone formed in the placenta passes into the foetus, 
where it is broken down into less active compounds like 17a- 
hydroj^progesterone and the 20a- and 20P-hydroxypregncnoncs. 
TTierc is a dynamic exchange of progesterone and its metabolites 
between foetus and placenta, mother and placenta, and foetus and 
mother’^. During pregnancy, the excretion of pregnanediol in- 
creases (see the diagram below), as does that of pregnanolone'®; 
after parturition it falls again, reaching the proliferation phase value 
in about a week^®. Pregnanediol has been isolated from the meco- 
nium, where it is present to the extent of 85-95% as sulphate®’. 


Urinary pregnanediol excretion during pregpiney ’ ® (mean and 95 % con- 
fidence limits) 



Weeks of pregnancy 


Urinary excretion of progesterone metabolites (mg/24 h) 



Mean 

Range 


Refer- 

ence 

Pregnanediol 





Boys, 3-15 years 

0.76 

- 

0.32 

36 

Girls, 3-15 years 

0.72 

- 

0.60 

36 

Men 

0.92 

0.38-1.42 

- 

6 

Women, proliferative 
phase 

1.12 

0.78-1.50 


6 

Women, luteal phase . . . 

3.3 

2. 1-4.2 

- 

6 

Women, postmenopausal 

0.63 

0.28-0.86 

- 

6 

Women, proliferative 
phase 

0.48 

0.10-1.26 

0.31 

37 

Women, luteal phase . . . 

2.68 

1.17-9.50 

1.68 

37 

Men, 23-34 years 

0.6 

- 

0.17 

2S 

Men, 74-79 years 

0.15 

- 

0.07 

39 

Pregnanolone 




38 


- 

0.14-0.60 

- 


- 

0.06-0.46 


38 


of injected progesterone can be recovered from urine and 
s, and less than 40% can be accounted for as known metabo- 

irinc the proliferation phase of the menstrual cycle preg- 
diol excretion is usually less than I mg/24 h ; this pregnanediol 


Reflation of progesterone secretion. Little is known of the manner in 
which progesterone synthesis and secretion is regulated®- 
The formation of the hormone in the ripening follicle is probably 
stimulated only by LH; whether its secretion during the luteal 
phase is stimulated by prolactin as well as LH is not known for 
certain. The manner in which progesterone formation in the pla- 
centa is regulated has not been explained, but HCG may play a 
role in this. Under certain conditions, HCG has been observed to 
increase progesterone secretion in the corpus luteum. 

Biological activity 

The main action of progesterone is the maintenance of preg- 
nancy®®, the mechanism of which is poorly understood®*, though 
it is known that progesterone blocks the spread of the utctine con- 
tractile response to oxytocin ®®. The hormone also has other clfers 
on the uterus, notably on its composition and mcwbolic activity; 
thus it causes an increase not only of uterine weight but of the 
collagen, nucleic acid, glycogen and lipid contents of the organ. 
In m.any of its uterine effects progesterone acts only in conjunction 
with oestrogens®. 

The biological activity of progesterone is not confined to the 
reproductive cycle. The hormone has an inhibitory effect in vitro 
on enzymes of the respiratory chain and stimulates the metabolism 
of galactose®. It is antagonistic to the sodium-retaining effcctf ol 
aldosterone and dco.xycorticostcronc but docs not affect potassiut” 
excretion; progesterone administration is followed by a compen- 
satory increase in aldosterone secretion. Progesterone has a dia- 
bolic effect and causes increased urinary nitrogen excretion; tn®’’,® 
is some evidence that this is due to inhibition of amino-ncid un.i 
zation by the liver. In rats and mice, the hormone causes an 
in body weight due to deposition of fat. These gMcral metabo ' 
effects of progesterone probably have little physiological 
cance except when large amounts of the hormone arc secrete . 
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0<*lndiol (17(3-ofstr>diol) Oeiolot 
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U<;TU 4 MNtMZAKO(«. 8 ^(«i *'«*<'.. 24 , 70938 ).riot*«iviDAyu. 7 V. 
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347 (1937) 


Meihodt of ai»»y 

^Siehii[al> Fot eample, indueiion of the chmeteiijcie 


.JiufALint inj i (OD(, V titM anJ , 39, 4r>(>9ei). OiczrAuiiT.b , 
P.4 (Sw. 23.793 (3944) 

hiiAiWAM, RP,^Ci>;rir Cjdaii 4*^ . 48. t 0959) ^ 


CktmuaJi Oesitogent can be determined coIorimetriMlIy 

(«act>on)or^uor<metr^c3(lvl'M1A.■.^«... .k. ul i' 


PIo»ymheil*. leeretlen. mei»bell»nj« 
TbebiosvnthernefrSff^...,."— . . 


'van BiA MauNAfk] G»e*N.’/»/« £Al*»f ,25, 1*25(I9»9) 

' , tnVciLiTeNHOLiiI AiklC*‘«i«ON(EJi). Pr«F'to»i,«,i//4«0» 

CibirwvlAtwnSiwJrCfowp.No 9.Q>urcKilI, 


letlrogene (loe refeieocM Kc pig*757) 


2iemlstty 

All Mtunlly occutfins oescroSens ire uniaturjieil pbenobc 





1 ! 

1 Mean 1 



''‘^viuaiy incticn 

Oestfoernic ictivitv la iIao m nlAfit nhennit nw-l, .. »»».._ 

’Sfonvet) . . . . . _ , ' 

Women, mid^cycle ... 
j Women, itin of Cycle .. 

1 Men,21-37yejCJ ..... 

" 1 

70 ' 

200-500 
93-165 
up to 300 
35-100 

L” 
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Oesfrogens 


Oesirogtnt in plasma (ng/l) 



Mean 

Range 

/ 

Refer- 

ence 

Women 





Proliferative phase 





Oestriol 


- 


33 

Oestrone 

Mfcil 

- 

Hi 

33 

Ocstradiol 

0.13 

- 

0.08 

32 

Ovulation 





Oestriol 


- 


32 

Oestrone. 


- 


32 

Ocstradiol 

0.28 


0.17 

32 

Men 





Oestrone 

0.42 

- 

0.09 

33 

Ocstradiol 

0.15 

- 

0.12 

33 

Oestriol 

- 

trace 

- 

34 

Pregnancy 

36th-38th week 





Oestrone + ocstradiol . . . 

92 

- 

32 

35 

Oestriol 

81 

- 

35 

35 

39th-42nd week 





Oestrone +ocstradiol . . . 

108 


37 

35 

Oestriol 

93 

- 

39 

35 

At term 





Oestriol 

- 

43-175 

- 

36 

Oestrone 

- 

27-103 

- 

36 

Ocstradiol 

- 

13-29 

- 

36 

Cord blood 





Oestriol 

583 

- 

- 

37 

Oestrone 

13 

- 

- 

37 

Ocstradiol 

6 

- 

- 

37 


Urinary oestriol txcretion during prtg^tancy’^ (mean and 95% range) 



• Weeks of pregnancy 


Urinary excreiion of otsirogenr (trg/24 h) 



Mean 

Range 

[Refer- 
1 cnee 

Children, 9-12 years 

Total ocstrogens 

■ 

<1.0 

38 

Women, postmenopausal 




Total ocstrogens 

5.5 

3.2-9.0 

20 

Oestriol 

3.9 

2.2-7.S 

30 

Oestrone 

1.3 

0.3-2.4 

30 

Ocstradiol 

0.3 

0-1.4 

20 

Men, 20-50 years 




Total ocstrogens 

10.3 

6.0-17.8 

39 ! 

Oestriol 

3.5 

0.8-11.0 

as i 

Oestrone 

5.4 

3.0-8.2 

39 i 

Ocstradiol 

1.5 

0-6.3 

33 i 

1 

Pregnaniy, 1 week ante partum 



j 

j 

Total ocstrogens 

30800 

23200-37200 j 


Oestriol 

29000 

22000-35000 

40 i 

1 

Oestrone 

1400 

930-1600 

« i 

Ocstradiol 

520 

380-630 1 

40 j 


Urinary oestrogen excretion during the menstrual cycle^° (mean and 
highest and lowest values in 16 women aged 18 to 41 years) 
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I Fottuj, placenta and mother appear to be separate eompart- 
s in this respect, and not all oestiogens and oestrogen metabo- 


• • RclitreBcet 

IS . 'EutatntnihUinM.mDoiirtiUN.Kl ILJXMriMim/liirmMiXrtimJ,, 

jmal plasma oestrogen levels are giren in the table opposite ’ **1-*'— -»"«• m-vV— v •"''t — 

lecourseofthemcnstrualcycletbchighestvaluesoecurshonly _ , ’ ■ 


Old hormones, the oestiogens are the 
iiMpsotems'* 


strongly bound to 



iiury oestrogen metabolites are l&-epiocstriol, Ifia-hydroiy- 
stfofie, li-keto-oesiradiol, KS-hydroxyoesirone. 2 methoiyoes- 
xi« ind 2 methoxyoestriol'*, as veil as ISa-hydroiyoestrone, 
'3 hydroxyoestfone and ISS-bydroiyoestradiol-I??*'. The on- 
iry eesirogeni are eoniugated almost eaclusively srith glucuronic 


wevi (I al , Jwfc* } , 96, 33C (J965). Kiurrxwet al .SUrfis. 8, <03 
6« 


i! 


'-SS™'""' "r""" Ooli RH LH .pp:., ra U 


^'f'opcal Miviiy 




(minis 

Mjtyi 

T^e 

FiCTejs 


®'*'tc.gtni hare 
aid 


a similar but treaker anabolic 
«ys« retention of vodiun and 



. . •««'« <1 ,/ ./« C'<dMr , 22, 935 fl962) 

)» Moase «t al ./E»ixr , 26. 25 (I9A3) 

^•Goeir'ceial .A-tf } Oimt Cjott .92, Ml (t96Sj. CoaaivoaflJ 
_ 26, 65(1966) 
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Functions of the Sex Hormones 


Functions of the sex hormones 



Androgens 

Ocstrogens 

Progesterone 

Male OTganhm 

Development of primary sex organs : 




General, especially testes, prostate, penis 

+++ 

Antagonist 


Muscles and connective tissue of accessory glands 


4- 


Development of secondary sex characteristics 

++++ 

Antagonist 


Emotional behaviour: libido, masculine activity 

++++ 

Antagonist 


Female organism 



1 

Development of primary sex organs 

Partial antagonist 

+ + + . 

0 

Development of secondary sex characteristics 

Emotional behaviour: 

Antagonist 

+ + + + 

? 

Frigidity 

Antagonist 

-f + + + 

+ 

Libido 

4- + + 

+ 

Partial antagonist 

Menstrual ^cle 




Maturation of ovum 

? 

+ 4* + 

+ 

Proliferation phase 

? 

4- 4- 4~ 4- 

4 

Secretion phase 

? 

4- 

++++ 

Migration of ovum, nidation 

? 

++ 

4* 4- + 

Preptaniy 




Inhibition of maturation of further follicles; quiescence of the uterus; 1 
relaxation of the uterine muscles (1); lowering of the Na:K ratio > 
in blood; lowering of the sympathetic tonus (2) J 

? 

[Antagonist 
to (1); syn- 
i ergist to (2) 

4 4 4 4 

Indispensable for maintenance of pregnancy 

? 

4- 4~ 

4 4 

Relaxation of the pelvic girdle; increase of tonus of uterine muscles 
towards end of pregnancy (3) 

? ! 

4-4-4“ 

Antagonist to (3) 

Growth of nunamaty tissue 


++* 

+ + * 

Inhibition of lactation until parturition 

? 1 

1 

4-4- 1 

j 

+ 

Post partum 

1 

1 



Maintenance of lactation 

? 1 

++* 

4 4* 

Inhibition of lactation at high therapeutic dosage 

+ + 1 

+++++ 

0 

Involution of the uterus and preparation for fresh menstrual cycle, . , 

? 1 

J 

1 

4* 4- 4- 

0 

♦ See also under ‘Prolactin’, page 719. 






International Biological Standards and Reference preparauons' 


AntigMul 

ffcU by lote««i»ul ubontwy fo* Biolopol Snoitfdi. Sj 


ii Scniflunidcut, Cop<nK>g«n 


OU rubemla 

ji 

j (yur.led pfjeeo (icn«ti«) 
i T«>nai onoiJ (» dac t ' .< i! ) 


1 Sextet irtitna 

i 

I Ftmius neerx 

I 

1 Q>r«m <«cctac 

{!»»<• 

> CwdALTW 
, (ywwif 

Uc-td ^'bccT y<(RMi; 
WlKa 'tCb V*r:»S 


[(Q Dtini|i])| 
0 00023 



Ampouk* cotWiinai; 2 <bI (90000 IU per ml) 

ArTxjale* ctwttiiomA 10 mg plu* 4 mg f>r filH (500000 IU 
pcrvnpoulel 

AmpouIoeonuuunglOmg pJu»24JmgoruIii(500000IU 
per an^oule) 

Ampotdet coacunuig 2S mg plus gtycine (833 IU per »tn- 

pOMle) 

Ampoulo onuuuogSOaig iii»orSed to elumuuuo hjrdrox- 
Kfe, plot *a equal |Mn of guioea-pig Krum, dned (120 lU 
petempoole) 

Ampoulee coouuung 30 mg plut g(ynoe (lOO lU per im- 
pouU) 

AmpouleteonuKuagSOrng »d»ortiediOi!umjniuto hydro*- 
•deplua an equal patiorg<unea pig tefunvclned (107 lUpeT 

ampoule) 

Aoipoulea eenauuog 0 005 mg pi ua 1 mg of bonne albunutf 

Ampoulei coQiauung 52 mg (34 7 lU per ampoule) 

Aei^nulca oontumog 20 mg 0 6x 10’* organiam* pel fn- 
f«uU) 

I Ampoule* eeeitauuog 20 mg (1 dK 10’» orgirtami per *ti>- 
poule) 

Ampoulet coenuuag 4, 8 ce 15 mj of i toluiion la etbaoed 
(5.0 mg eardi^ipui per ml aialeulaied C rem tbe pheapheraa 
euoteoi) 

thnlea etmtaining 30 ml of a toludea in ethanol (30J mg 
Vee»binpn«i) 

Ampoulei enetauueg 4. 8 or 15 ml of a loltnion inetbancd 
(25.7 «g «( leenbio pet cd aa miniated Iron tbe pbe*- 
phoraacmeesc) 


1965 (3rd Stai 
19SJ (JitStaj; 

1954 (litSor 
19S1 (1.1 Sti.- 

1955 (heSiar 

1951 (lit Siir 
1955 (l.tSta: 

1954 (litSta: 
1957 (l.tSoj 

1953 (IlfRrf 
Prepara 
1953 (In Ref 
Prtpen 
1957 (4th Fe: 
Prepe** 

1953 (2ad Fi 
Fttpim 
1959 (3rd Fc 
Ptepui 


Wpoole* eontainKig 1 < eng 

Ampoule* eanouung 1 1 icg 

Ampoule* eoceiuucig 34 mg 

(irpouleitonnuuog lOml j 

A-2pmde» tontauijog dried TKruae denied from 2,5 mg 1 
(«H*drT »Ttg*iti of (ncinary cram of BCC and 5 mg of . 
»«4um glutamate (tool ungSt of dned material 5.72 mg 1 


' 1962 (litFel 

! 1952 (tie Re 
I Prepari 
I 1952 ( 1*1 Re 
Prrp*n 


Ascigeiiell 

eirnal UWamn 6:, 5«u£a/da Ceowal V.mnnary Uboraton. (Teybndge. England 


^ 'r^.^nied (rtmjfonmiar-treated 
^ B.*-i^d to 

a icnseiooi hidetrinde (1751) lU per ampoule) 

eg of raceme denied fror. forn- 
naid of eeji rSicvd with at-ausi 

9-ri«l« owae^g I'«)J mg of aiantnu: (fu.1 denied 
fromeet,«A«ed *ith (JtrAna B, .tram; 

AmpoudMepartaitimg S3 4 i-g 
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International Biological Standards and Reference Preparations 


Substance 

International 
Unit (lU) 
mg 

Form in which dispensed 

Year 

ofcstablishmcflC 

Antibodies X 

Held by International Laboratory for Biological Standards, Statens Seruminstitut, Gjpenhagen 


Tetanus antitoxin 

(hyperimmune horse scrum, dried) 

0.309 4 

Bottles Containing 10 ml of a solution in saline, containing 
66 vol% glycerol (5 lU per ml) 

1928 (1st Standard) 

Diphtheria antitoxin 

(hyperimmune horse scrum, dried) 

0.062 8 

Bottles containing 10 ml of a solution in saline, containing 
66 vol% glycerol (10 lU per ml) 

1922 (1st Standard) 

Antidysentcr)* scrum (Suica) 

(hyperimmune horse scrum, dried) 

0.05 

Bottles containing 10 ml of a solution in saline, containing 
66 vol% glycerol (200 lU per ml) 

192S (1st Standard) 

Gas-gangrcnc antitoxin (pfrfrin^tnt) 

0.334 6 

Bottles containing 90.35 mg (270 lU per ampoule) 

1963 (5th Standard) 

{Clostridium isehhii type A antitoxin; 
hyperimmune horse scrum, dried) 




Gas-gangrcnc antitoxin (vibrion sepliqtte) 
(hyperimmune horse scrum, dried) 

0.118 

Ampoules containing 59 mg of a 1 :3 dilution in phosphate- 
buffered saline (500 lU p>cr ampoule) 

1957 (3rd Standard) 

Gas-gangrcnc antitoxin (ordtmatiens) 

0.0828 

Ampoules containing 91 mg (1100 lU per ampoule) 

1966 (3rd Standard) 

(hyperimmune horse scrum, dried) 




Gas-gangrcnc antitoxin (histoljficus) 

(hyperimmune horse scrum, dried) 

0.2 

Bottles containing 10 ml of a solution in saline, containing 
66 vol% glycerol (20 lU per ml) 

1951 (2nd Standard) 

Gas-gangrcnc antitoxin (Sordelii) 

(hyperimmune horse scrum, dried) 

0.133 4 

Bottles containing 10 ml of a solution in saline, containing 
66 vol% glycerol (20 lU per ml) 

1938 (1st Standard) 

Staphylococcus a antitoxin 
(h^'perimmunc horse scrum, dried) 

0.237 6 

Botdes containing 10 ml of a solution in phosphate-buffered 
saline, containing 0.01 g thiomersal per 100 ml (20 lU per ml) 

1938 (2nd Standard) 

Scarlet fever streptococcus antitoxin 

0.049 

Ampoules containing 490 mg (10 000 lU per ampoule) 

1952 (1st Standard) 

(hyperimmune horse scrum, dried) 



1959 (1st Standard) 

Anti-streptolysin O 
(human, dried) 

0.021 3 

Bottles containing 46 mg (2160 lU per ampoule); distrib- 
uted as a 10 ml solution containing 10 lU per ml 

Antipneumococcus serum (type 1) 

(hyperimmune horse serum, dried) 

0.088 6 

Bottles containing 10 ml of a solution in saline, containing 
66 vol% glycerol (200 lU per ml) 

1934 (1st Standard) 

Antipncumococcus serum (type 2) 

(hyperimmune horse serum, dried) 

0.089 4 

Bottles containing 10 ml of a solution in saline, containing 
66 vol% glycerol (200 lU per ml) 

1934 (1st Standard) 

Anti-Q-fever serum 

0.101 7 

Ampoules containing 101.7 mg (1000 lU per ampoule) 

1953 (1st Standard) 

(bovine, dried) 



1955 (1st Standard) 

Antirabics scrum 

1.0 

Ampoules containing 86.6 mg (86.6 lU per ampoule) 

(hyperimmune horse scrum, dried) 



1950 (1st Standard) 

Anti-A blood-typing scrum 

0.346 5 

Ampoules containing 88.7 mg (256 lU per ampoule) 

(human, dried) 



1950 (1st Standard) 

Anti-B blood-typing scrum 

0.352 0 

Ampoules containing 90.1 mg (256 lU per ampoule) 

(human, dried) 



1966 (Ist Standard) 

Anti-Rho (anti-D) incomplete blood-typing 

0.95 

Ampoules containing 30.4 mg (32 lU per ampoule) 

serum (pooled human scrum, dried) 



1958 (Ist Standard) 

Syphilitic human serum 

3.617 

Ampoules containing 177.4 mg (49 lU per ampoule) 

(dried) 



1962 (1st Standard) 

Anti-poliovirus serum (type 1) 

10.78 

Ampoules containing 107.8 mg (10 FU per ampoule) 

(hyperimmune monhey serum, dried) 



1962 (IstStandardl 

Anti-poliovirus serum (type 2) 

10.46 

Ampoules containing 104.6 mg (10 lU per ampoule) 

(hyperimmune monkey serum, dried) 



1962 (1st Standard) | 

! 

Anti-poliovirus scrum (type 3) 

(hyperimmune monkey scrum, dried) 

10.48 

Ampoules containing 104.8 mg (10 lU per ampoule) 

Clostridium botuliuum. Type A antitoxin 
(hyperimmune horse scrum, dried) 

0.136 0 

Ampoules containing 68.0 mg (500 lU per ampoule) 

1963 (Ist Standard) | 

1 

Clostridium botulinum. Type B antitoxin 
(hyperimmune horse scrum, dried) 

0.174 0 

Ampoules containing 87.0 mg (500 lU per ampoule) 

1963 (Ist Standard) | 
1963 (ht Standrrii) | 

Clostridium botulinum. Type C antitoxin 
(hyperimmune horse scrum, dried) 

0.0800 

Ampoules containing 80.0 mg (1000 lU per ampoule) 

i 

Clostridium botulinum^ Type D antitoxin 
(hyperimmune horse serum, dried) 

0.012 1 

Ampoules containing 12.1 mg (IQOO lU per ampoule) 

1963 (Ist Standard) , 
a n i 

Clostridium botuHnum, Type E antitoxin 

0.069 1 

Ampoules containing 69.1 mg (1000 lU per ampoule) 

1963 (1st St.incfarJ} j 

(hyperimmune horse scrum, dried) 



1965 (1st Sl-andard) | 

Chstridinm bctiilimim. Type F antitorin 

7.44 

Ampoules containing 29.32 mg (4 lU per ampoule) 

(hyperimmune rabbit scrum, dried) 
A/rf/tfantivenin 

^lorsc scrum, polyvalent [Naja and Hemachatus 

2.69 

AmpKiulcs containing 607 mg (300 lU per ampoule) 

1964 (Ist Standard) j 

species], purified, dried) 

0.084 16 

Ampoules confining 84.3 mg (1000 lU per ampoule) 

1965 (Ist Standird) ^ 

Anti-smallpox serum 


(pooled human serum, frceze-dricd) 

Anti-toxoplasma serum 

(pooled human serum, frceze-dried) 

0.090 967 

Ampoules containing 181.934 mg (2000 lU per ampoule) 

1967 (1st Standard) ; 

) 
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II 




Subit>ncc 

Uiue(lU) 

mg 

Form ia which dupenied 

ofeitsbUthnient 



Bottles cooiiinlAe 10 ml of i dilution in phosphsK-buffered 

1956 (4tb Reference 

(byptntnniunc horse lenim) 


ssIine,ctirKsiiuiigO0igibiomersslperl00tnl(500IUper ml) 

Prepttsnon) 


- 

Ampoules comsuuflg dned materlil from S ml serum 

1952 (Isi Reference 

{h'rt<fi®'’’“r>e horse seniiti, dried) 




inti-yellov-reTer serum 

OS 

Ampoules conisttimg 71 Smg (143 lU per smpoulc) 

1962 (1st Reference 

(inonkey serum, dned) 



pKptncKm) 


9J78 

Ampoules cenrunng 93 8 mg (10 It) pet smpoule) 

1964 (Itt Reference 

(hutnin serum, dried) 



Prepsrsiion) 

^u-stsph;lococctl P-V leueoeldin serum 

0SS6S 

Ampoules comsiang $) 5 mg (ISO lU per smpoule) 

1965 (1st Reference 

(horse Krum, fteete-dticd) 



Preparation) 

Uieumstoid stthritis scrum 

om 

Ampoules cmtsining 17 1 mg (100 ID per smpoule) 

1965 (111 Reference 

(pooled butnsn serum, rreeie-dned) 



Preparation) 

An't-TubcUs serum 

- 

Ampoules coeusuiMg $6 28 mg 


(pooled huinin terutiv (reexe^ied) 







(discontinued 1967) 



AmlbodUetl 


Held by Intemstionsl Lebornofy for Dmtoginl Suadirds. Ctntrsl Vticniuty Liborsioty. Weybndge, EiiElind j 

Ann serum 

0005 $2 

Ampoules eootsuung 95 $2 mg of freetesJried bovine serum 
(1000 lU per empoiAr) 

1967 (2nd Standard) 

Cis/mdiM »tl,ta (prr/fne*') 'TPS C snliioiitt 
(hrpcnmmurx horse serum, d^d) 

oeiJ7 

Ampoules <omsinmg68 5 mg (5000 ID per smpoule) 

1954 (111 Standard) 

Cb/mdis* h/(1ji *7r< D entiiotiA 

(hyperimmune horse serum, dried) 

00<17 

Ampoules coeusifiing 65.7 rag (tOOO lU pee smpoule) 

1954 (1st Standard) 

SeHne eryslpeUs serum (intl>N) 

{hyperimmune horse eerum, dried] 

ot« 

Ampoules eonisining 87 9 mg (626 IV per smpoule) 

1954 (IstStinderd) 

Anii-i«UM>reyef eerum 
tM eerum, fteeie dned) 

OJO 

Ampoules eoAisining 889 5 mg (IDOOlU per smpoule) 

1963 (liiSttndird) 

Aiiii<eAUie,distempet scrum 
{hypenmmune hots* serum, freese-dned) 

00897 

Ampoules eontsining 89 7 mg (1000 lU per smpoule) 

1967 (liiStindtrd) 

AAii-esnlne>bepiiic IS eerum 
(hyperimmune hoen wrum, fcetie^iled) 

00796 

Ampoules eonisining 79 6 mg (1 000 lU per smpoule) 

1967 (lit Standard) 

AnthNeercsitle diiesse serum 
(chiehcn serum, (rtese-drKd) 

017)4 

Ampoules eonisuKAg 55 Smg {)20 lU pet smpoule) 

1966 (111 Reference 
Prepention) 



AniibloelctI 


Held by Iniemeiionsl Lsbors 

ory for Biolosicsl Sisndsrds. Nsnoosl Instiiuie for Medicsl Reiesreb. London 


Sirtptomycin {eulphsw) 

0 001282 

Ampoulei contsuiing ITS mg (780 lU per mg) 

1958 {2nd Sisndard) 
1966 {2nd Standard) 
1964 (2nd Standard) 
1957 (l,t Standard) 
1953 (lit Standard) 
1966 (2nd Standard) 
1957 (Isi Standard) 
1955 (tsi Standard) 

Dihydroeiiypiomyeio (lulphsie) 

0 091219 

Ampoulee eontsuung 200 mg (820 IV per rrg) 

Psotrtcin (line bscnrscin) 

001) SI 

Ampoules eonisining 100 mg (74 lU per mg) 

Tetfseyeluie (hydroeWonJe) 

0 091 01 

Ampouks conmntng 200 rrg (990 lU per mg) 

CM,>ntirs<yeiin» (hydrothloriJe) 

0 001 

Ampoules coniiuung 60 mg (1000 lU per mg) 

OiyietTscythne (dihydrire) 

00011)64 

Ampoules eonisining 190 mg (880 lU per mg) 

Teyihroeuyein (dihydrste) 

0 00105) 

Ampoules eoneeming 200 mg (950 lU per mg) 

Pi’lymystn B (sulphsre, punAcd) 

0 000127 

Ampoules eoniumng 19 mg (7874 lU per mg) 

1 Nyststin 

0 00033) 

Ampoules conisuung 75 mg (3000 lU per mg) 

1 AmphotriKin B 

0001964 

Ampoufei eontsming 100 mg (940 ft/ per mg) 

1963 (Ut Standard) 

' sneomyeu, 

0 000 99) 

Ampoules comsining 50 mg (1007 lU per mg) 

OUsadomycin (chloeoform sdJucO 

0 001176 

Ampoules conuining 75 mg (850 ]U per mg) 


Novobincin (soJ) 

0 001031 

An^mdes conuining 190 mg (970 lU per mg) 

Colutin (lulphsie) 

00000487 

Ampoules eonuuiing 75 mg (20500 IV pet mg) 

1968 (Ist Standard) 

holitetrscyeLne 

0001004 

Ampoules conumuiglOO mg (996 IV per mg) 

•^mycui (sJphstt) 

0 0012)2 

Ampoules coatsiamg SO mg (812 lU per mg) 

1959 (Ist Refcrr.~ 

•^myeu, n 

. 

Ampoulee eonisining 5 mg 

Preptrarton) 

1964 (lit Refere„j 

Vmmyno (lulphtte) 



Preparation) 

0 001)7 

Aiifuiulct eonisining 35 mg (7)0 |V per mg) 

1959 (111 Reference 




Preps rstinn) 
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Substance 

Internationa] 
Unit (lU) 
mg 

Form in which dispensed 

Year 

of establishment 


Antibiotics I (continued) 


Penicillin K 

- 

Ampoules containing 20 mg 

1951 (1st Refcttna 

(89.9“/o pure sodium n-hcptylpenicillin, with 
9.6% penicillin dihydro T and 0.5% penicillin F) 

Neomycin (sulphate) 

0.001 47 

Ampoules containing 100 mg (680 lU per mg) 

Preparatioa) 

1958 (Ist Reference 

Ristocetin 

_ 

Ampoules containing 45 mg 

Preparatioa) 

1960 (1st Reference 

Ristocetin B 


Ampoules containing 5 mg 

Prepantioo) i 
1964 (1st Reference j 

Gramicidin S 

0.001 002 

Ampoules containing 50 mg (998 lU per mg) 

Preparation) ; 
1962 (1st Reference f 

Gramicidin 

0.001 

Ampoules containing 55 mg (1000 lU per mg) 

Preparation) 

1966 (1st Reference 

Spiramycin (base) 

0.000 3125 

Ampoules containing 50 mg (3200 lU per mg) 

Preparation) 

1962 (1st Reference 

DcmcthylchlortctracycUnc 

0.001 

Ampoules containing 80 mg (1000 lU per mg) 

1962 (1st Reference 1 

Triacciyloleandomycin 

0.001 2 

Ampoules containing 100 mg (833 lU per mg) 

1962 (1st Reference 

Procaine bcn7ylpcniciUin in oil ■sx'ith aluminium 


Vials containing 10 ml 

Prepantion) 

1966 (2nd Reference 

monostcaratc 

Paromomycin (sulphate) 

0.001 333 

Ampoules containing 75 mg (750 lU per mg) 

Preparation) 

1965 (1st Reference 

Colistin methane sulphonate 

0.00007874 

Ampoules containing 75 mg (12700 lU per mg) 

Prepantion) 1 

1966 (1st Reference 
Prepantion) i 

Ccphalothin (ccfalotin) (sodium ccphalothin) 

0.001 066 1 

Ampoules containing 50 mg (938 lU per mg) 

1965 (Ist Reference | 
Prepantion) 

Lineomycin (hydrochloride) 

0.001 135 1 

Ampoules containing 50 mg (881 lU per mg) 

1965 (1st Reference 
Preparation) 

Giprcomycin (sulphate) 

0.001 087 

Ampoules containing 80 mg (920 lU per mg) 

1967 (1st Reference 
Prepantion) 

Rifamycin SV (sodium rifamycin S^0 

0.001 127 

Ampoules containing 100 mg (887 lU per mg) 

1967 (1st Rcferenre 
Prepantion) 

Gcntamycin (sulphate) 

0.001 56 

Ampoules containing 50 mg (641 lU per mg) 

1968 (1st Reference 

Lymccyclinc 

0.001 107 

Ampoules containing 50 mg (903 lU per mg) 

Prepantion) 

1968 ( 1 st Reference 
Preparation) 

I 

Antibiotics 11 

Held by International Laboratory for Biological Standards, Central Veterinary Laboratory, Weybridge, England 

I 

1 

1 

1 

! 

l 

Tylosin (base) 

0.001 

Ampoules containing 40 mg (1000 lU per mg) 

1966 (1st Standard! ] 

Hygromycin B 

0.000 8928 

Ampoules containing 40 mg (1120 lU per mg) 

1966 (Ist Standard) | 




f 


Hormones, Vitamins, En 2 ymcs 

Held by International Laboratory for Biological Standards, National Institute for Medical Research, London 


Oxytocin and vasopressin (amidiurctic hormone) 
for bioassay (posterior ox pituitary, acetone- 
dried, powdered) 

0.5 

Prolactin for bioassay 

(active principle from anterior sheep pituitary, 
dried) 

0.045 45 

Corticotropin (ACTH) for bioassay 
(from anterior pig pituitary, purified) 

1.0 

Thyrotropin for bioassay 

(from anterior ox pituitary, purified) 

13.5 

Growth hormone for bioassay ^ ^ 

(active principle from anterior ox pituitar}', 
cTricd) 

1.0 

Growth hormone for immunoassay 

(from human anterior pituitary, purified) 

24.29 


Ampoules containing 30 mg (2 oxytocic, 2 vasopressor and 
2 amidiurctic lU per mgl 

Ampoules containing 10 mg (22 lU per mg) 

Ampoules containing 50 mg u*ith lactose, freecc-dried (IIU 
per mg) 

Ampoules containing ten 20-mg tablets of a blend of 1 part 
thyrotropin and 19 parts lactose (cn.1.48 lU per tablet) 

Ampoules containing 30 mg (1 lU per mg) 

Ampoules containing 8.5 mg \nih sucrose (0.350 lU per am- 
poule) 


1957 

(3td Swr.dredl 

1962 

(2nd Sti.ndjrd) 

1962 

(3rd Stsndird) 

1954 

(IsiStindred) 

1955 

(ht Siendird) 

1965 

(l<tRrfcrrr-ce 


rrcpTr-in-'n) 


I 
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Internal tonal 



S-bitm. 

Unit (lU) 
mg 

Forai in which diapenied 

ofeiiabUabmenl 

Human menopautat gonadotropini for bioaiuy 

0 229S 

AcRpouiet oMieanuag 9 teg ddured Widi iacrore (40 follicle- 

1944 (2nd Reference 

(acure piinciple ftom urine of pos<-menopauaal 


tnnndacuig homwoe lU and 40 intertlitial cell-iiimulating 

Preparation; 

■aomen, ffeeie-dticd) 


honnorK 11/ pec an^Oule) 

Serum gonadotropin (or bioaaaay 

Q{)Q3S«9 

Ampoules cooiauung S7t mg with lactose, freeze-dned 

1966 (2nd Standard) 

(from aerum of ptegtiint tnarei) 


(16W lU pee ampoule) 

Oiorionic gonadotropin for bioaiiiy 

0001279 


1963 (2nd Standard) 

(actiee principle from human urine of 
retgnaney) 


ID pet unpoule) 


Iniulinfor bicaiuy 

(52* • borine and48*/e porcine juncKai, 

004147 

Ampoidncoouimag 110't25 mg (24 lU pet mg) 

1953 (4ih Standard) 

Eryihropoiedn for bioasny 

149 

Ampoulea conuinuig 14 90 mg with lactose (0 675 7 lU per 

1965 (Ur Reference 



mg) 

Prtparaiion) 

1 Hepann 

(lodiurn ealt of purified act ire principle from 

00077 

Ampoules cotnaiiung 20 mg (130 lU per tag) 

1958 (2ad Standard) 

borine lungtiMue) 

VnaminD, 

0000 02S 

Botcica coniauung « gof a ttdutian in regttable od (1000 10 

1949 (2fid Standard) 

VitaminB,, 

(eyinoeohalamin) 

- 

Ampoules cont ainuig ten 20.mg tablets 

1959 (lit Reference 

Hyaturonidaie 
(from borine leiiei. dried) 


Am^scomau^ien ao-mg tablets diluted wtb l*et«e 
(ca 200 lU per tablet) 

1955 (lit Standard) 

Sittptobinaac-aireptodomaM 
(Kiirttnatcrul, dried) 

0 002 090 

Ampe«lettont*.nmglmgw,ih5 5mgofUcwie{3I00ic«p. 
tokmaie IV) and 24liOioeptodofna*e]U per ampoule) ^ 

1964 (lit Standard) 

SitrpiodomaM 

0002700 



Urokiniw 

(from human urine, purified) 

0 001 410 

«m«ain«jg 6T7 mg wnb Jaeroae. 

(4900 lU per ampoule) 

1968 (til Reference 
PrrpariCien) 


MiKtlUiMog* I 

Held by Lebortiecy fee Bujtegurel S..od..*. fo, 


Digiceli. I 

{drypo^dettdleirof Dt/iidln frrptrtd) , 

I NecunpHeftifflifie 

I SuI^MtpIwnjniine 

1 OtCTpheninJie 

I (byJnxhlonJe) ' 

; McIB 

(raeUminyl-4 phcfiylefeenoJichinglycertil) 

I MSb 

I (■njium r-meljminylptienyluiboneie polymer) 

( I^mrinpKiJ 

‘ (B\L 23-dimcrripioptopenol) 

' Fm»,niiiic 

I 

I (ptinlvii'0’yrmgenof/iiyy//rfy'nw<vrn«r dntJ) 


Ampoule* «oi«,m„,g2$0o mg (OOIMS JUper mg) 
Ampovlee coniaming 300 mg 
Ampoule* eonitinmg 300 mg 
Se«» of 3 empoulri etmrjoun, 

W SOOn^aohyrtouelS^^ 

Ampoulei eoniining 100 mg 
Ampoule* eoiuuning 500 mg 
Ampoule* conrewing 2 m] 

Airpoulei coqujoing to mg 

Angroule* eoniwung 2 mg 


Mlocelleneou* 11 

Held by InremHiooil Labomeoey foe Fiolognl Standardt. Seatem 

™ ^'^rmrawat, CopenK 


1349 OH Scandard) 

1940 (3fd Reference 
Pttfittion} 
1951 (3rd Reference 
Rnptraiion) 
mi (lit Reference 
Preperatioo) 


1954 (lit Referenre 
Prepatition) 
1954 (IH Reference 
Pieparaiinn) 

m2(l,tR.fe„,i4a 

1954 (litReferente 
PrrpariiKvn) 
195« (let Reference 
Prepetatirm) 


f^ny reference prepatai 
lafyueout lutpeftuon of 



Miacellaneou* IQ 

Held be R.)ia lauinnn TOoede Volkegciondheid, Utrecht 


l^aermelobmeTani^ 




11<7 H« p,f.,„ 
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Substance 


Form in which dispensed 


Year of establishment 


International Biological Reference Reagents 
Reference Reagents I 

Meld by International Laboratory for Biological Standards, Statens Scruminstitut, Copenhagen 


Antl-tick-bornc encephalitis sera: 

AntUiick-hornc encephalitis scrum 
(louping ill (Moredun] virus) 

Anti-tick'bornc encephalitis scrum 

(Russian spring-summer encephalitis [Sophyn and 

AasETTAnov] virus) 

Cholera agglutinating scrum (Ogawa) 

Anti-ifichincUa human scrum 

Enterovirus antisera: 

Coxsackic virus antisera types A9, Bl, B2 and B3 

Coxsackie virus antisera types D4 and B5 
Echovirus antisera types 1, 2, 3, 4, 5, 6, 6^, 7, 8, I 

9. 11, 12, 13, 14, 15, 16, 17. 18, 19, 20. 21, 22, 23, I 
24 and 25 

Poliovirus antisera types 1, 2 and 3 

Rcovirus antiserum type 1 J 

Adenovirus antisera: 

Types 1. 2, 3, 5. 6, 7a, 8, 9, 10. 11, 13. 15 and 17 
Types 12 and 18 

Parainfluenza virus antisera: ) 

Types 1,2 and 3 

Mycoplasma pneumoniae antiserum J 


Ampoules containing 1 ml of freeze-dried sheep scrum \ 

Ampoules containing 2 ml of freeze-dried sheep scrum \ 1964 (1st Reference Reagent) 


Ampoules containing 1 ml of monospecific scrum 

Ampoules containing 1 ml of freeze-dried pooled human 
scrum 


Ampoules containing 0.5 ml of freeze-dried monkey 
scrum 

Ampoules containing 0.5 ml of freeze-dried monkey 
scrum 


Ampoules containing 0.5 ml of freeze-dried horse scrum 
Ampoules containing 0.5 ml of freeze-dried horse serum 


1967 (1st Reference Reagent) 

1968 (1st Reference Reagent) 


1965 (1st Reference Reagent) 


1966 (1st Reference Reagent) 


1966 (1st Reference Reagent) 

1967 (1st Reference Reagent) 


AmpouIcscontainmgO.S mloffrcczc-dricdhorscserum 1968 ( 1 st Reference Reagent) 


Reference Reagents 11 

Held by WHO/FAO and WHO Leptospirosis Reference Laboratories 


AnCx-Liptosplra sera: 


hniX^Leptospira 

hnH^Leplospira 

K^xx-Leptospira 

hni\'Leptospira 

Knxx-Lepfosptra 

hntX-'Leptospira 

Pi.vxx\’Lepiospira 

Anii’Ltptoiptra 

Knxx-Lephspira 

KvxxX-Leptotpira 

KnxX’Ltptospira 

Anti-£/p/o/p/>tf 

hux.\-Leptospira 

KxwX-Ltptospira 

Ar\x\-Leptospira 

Anti -luptospira 
Asi^i-Ltphspira 
AmCx^Ltphipira 
AxitX-Ltptospira 
AntX’Leptospira 
Anii’Leptospira 
AsitvLeptoxpira 
Anti-Leptospira 
An^\-Ltplospira 
AntA^Leptospira 
Anii-Leptotpira 
Ant\^Leptospi^a 
An.t\‘Lepfospira 
Anti-lJptospira 
AniX'Leptotpira 


inUrrogans serotype saxkoebing serum 
interrogans serotype castellonis scrum 
interrogans serotype sejroe scrum 
interrogans serotype mini scrum 
interrogans serotype australis scrum 
interrogans serotype topenhageni serum 
interrogans serotype tarassovi scrum 
interrogans serotype au/umnalis scrum 
interrogans serotype rackmafi scrum 
interrogans serotype Pomona scrum 
interrogans serotype bataviae scrum 
interrogans serotype hebdomadis scrum 
interrogans serotype andamana scrum 
interrogans serotype Javaniea serum 
interrogans serotype pyrogenes scrum 

interrogans serotype naam serum 
interrogans serotype mankarso scrum 
interrogans serotype sarmin scrum 
interrogans serotype pci scrum 
interrogans serotype sthueffneri scrum 
interrogans serotype muenehen scrum 
interrogans serotype synopteri serum 
interrogans serotype bangkinang serum 
interrogans serotype suolffi scrum 
interrogans serotype hardjo scrum 
interrogans serotype kremastoi scrum 
interrogans serotype benjamin serum 
interrogans serotype s^anoni scrum 
interrogans serotype medanensis scrum 
interrogans serotype paidjan scrum 


, Ampoules containing 0.5 ml or 1,0 ml of 
hyperimmune rabbit scrum, dried 


195S (1st Reference Reagent) 


I Ampoules containing 0.5 m! or 1.0 ml of 
^ hyperimmune rabbit scrum, dried 


Anit-Liplospira inltmgaits serotype itmaranga scrum 

hnu-Ltplospira inumgani serotype tanUola scrum 
Anti-Leptospira inlirrogans grippotyphsa semm 

Ami-Leptospira interrogans serotype isterohaemesrhagiae scrum 

Anti-Leptospira interrogans serotype atlanine serum 
Anti-Leptospira interrogans setotypa georgla scrum 
Anti-Leptoipira interrogans serotype bratis/ara serum 
Anti-Leptospira interrogans serotype erinneei-es.mSl scrum 
Anti-Leptospira interrogans serotype coxi scrum 
Anti-Leptospira interrogans serotype serum 
Anti-Leptospira interrogans serotype avrsfoUi serum 
Anti-Leptospira interrogans serotype maiaya serum 


Ampoules containing l.O ml of h>'pcr- 
immunc rabbit serum, dried 

^ Ampoules containing 0.5 ml of hyper- 
immune rabbit scrum, dried 


Ampoules containing 0.5 ml or l.O ml of 
‘ hyperimmune rabbit scrum, dried 


1962 (Ist Reference Reagent) 


1962 (2nd Reference Reagent) 
1966 (2nd Reference Reagent) 


I 1966 (1st Reference Rcagend 


Ad«u.Ied nv3« to th« latisuol b 5)I«« {pages 28-JSl) tnd chapter* 


Methods (pages HS-198) will be found on pages 197-J98 


765 


Ant)l-coenzym A.ia 2tleox)tilK»e 


soonucal ^eac) %.• 


ACTII (adrcnoconicoiropic hormone) See 
Corticotropin 

Actinides 231,245-2d8 


2-dcoXYtiboM S phoaphatc degnJ: 
deoixtibote S phoephaie from 
I l-thrronine drgradalion 
UlJthjde-TPP eomplea in otidaiit 

ul f hotf hiiides S«* Plaamalogena 
rule, formation from sceoldehyde 
n •Buno-iuear formation 
abiol<Hlicil mltenali 
A blood 

iboloterol lynthesn from 

from degradation of food trulls 
ecitiegtn lynibesis Iroin 

Tiiamin A syniheiii from 

mroghun 

tetate buffer 

ertie icU (ax »/i$ Aiiuli) 
loluiiont, dceinormal 
• p>l riluei 

iretoiectaie, (onreruon faeior 


lenUuIpbMilatnHie 
txfs.al'phane. coojuc 



MAcctylkynutenine. in if5i>eophai> eneobo* 

- I'noiine <45 

X-Acerpl-a-tipoie acid an oeidaiion of sugars 391 
AAAcetj) o-Bunnotarmne 3J4 

• formation and vuliaaiton *24 

d phosphate 320 

• • focmatienandtaiilisaiioit 424 

- in N-aeetylActKiminic aetd 9 phosphate 
fortnaiion 423 

A’-Aetttt-3-methoi>tnptafnin4 730 

A<ec)rl-6>ineih]r|(holine. hrdrolrsia 414 

hAAecirlneufiininie acid 3 Id 

• formation and utilization *24 

- m gtngliosidet 377 

- 9-phoit*ate 

- - fonnation 
. - uuluauon 


423.424 

424 




36S.374tei 


Ac}l-adenosini 

adenylate 

Ac)l-aden)lnc 


Acyl-CoA dehydrogere 


Aeyigijteiyi* iws-jbih, 
idi;) 

Ac>lphe«phiote 
Aeyltnnaferases 

AcDt son's disease, eenieosteroid secretion 
Adenine 

- degndation 
in DNA synthesis 

- in protein sjnihesis 

- in puMit degtadation 

- in RNA synthesis 

Adenmcfyanocobsmide 
Adenine desminaie 

- m piatine degradation 
Adenine nudeetide See Adenosine S'-phor 

pliaie 

Aoenotitie (A. Ado) 

- anzymatie deamination ••• 

- in pufine degradation 45“ 

Adenosine aminohydrolate SeeAdcnoime 

deaminase 

Adenosine deaminase 
*44 -in plasma 

442 - in purme degradation 4 du 

442 Adenosine diphosphate (pyrc^hospViate) 

«S (AO?) 

509 - conversion to ATP 

199 sq - in biological energy trantformi 


337,339 


337,343 


l’,3’-diphosphate in sulphate 
diphosphate rihose, enzytnane 
diphosphoflavin ribitol See Fla- 


403 

577 


Aeid-amiTioftia ligates 
Acid-bare balance, of blood, itomogfam. 
dnenibsncet. paicnlcnl ilUeapy 


DdelicKiKy 


4St 

527 


' urioaiyaciditrui 
ActdpbnepbaSMc Vhmpkiatavr, acid 
AcMl-ikK>l ligatn . 586 

Aconitate See Acoftimec hydfstase 
Aconiiara bydntase, in pbtina 599 

- Ul tncarhoajLc acid cyck 390,391 

m ieaihoiylicactd cycle 39Q.391 
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Adenosine triphosphate {(ontd), in blood .... 577 

- in carbohydrate synthesis and breakdown. 441 

- in carbon-chain extension 424 

- catecholamine complexes 731 

- in ccphalin formation 425 

- in cholesterol formation 426 

- in coenzyme A formation 345, 487 

- reaction with creatine 437,438 

- in degradation of fats 391,392 

- in fatty acid synthesis from citrate . . . 424, 425 

- in glutathione formation 438 

- in formation of glycine conjugates .. 444,445 

- in glycolysis. 389 

- in guanylic acid formation 436 

- in inosinic acid formation 433,435 

- in isoleucine degradation 396 

- in lactic acid fermentation. ............. 390 

- in iecithm formation 425 

- in leucine degradation 395, 396 

- in L-mcthioninc degradation 398 

- in NAD and NADP formation 477 

- in transfer of one-carbon groups ........ 437 

- in pantothenic acid formation 487 

- in detoxication of phcnylacciic acid. ..... 445 

- in phosphatidic acid formation 375 

- in pyrimidine formation 439 

- in spermatozoa 684 

- in sulphate ester formation 445 

- in thiamine formation 470 

- in urea formation 442 sq. 

- in vitamin Bj* formation 484 

5“-Adcnosylhomocystcine, in creatine forma- 
tion 437 

- in L-mcihionine degradation 398 

J'-Adcnosylmcthioninc, in creatine formation 437 

- in L-mcthioninc degradation 398 

Adenovirus antisera, reference reagents .... 764 
Adenylate cyclase, effect of catecholamines . 733 
Adenylate Wnasc, in synthesis of ATP 404 

- in plasma 595 

5'-AdenyUc acid. See Adenosine monophos- 
phate 

Adenylosuccinate lyase in adenylic acid for- 
mation 436 

Adenylosucclnic acid 342 

- in adenylic acid formation 435,436 

Adermine. Sec Pyridoxine 

ADH. See Alcohol dehydrogenase 
ADH (antidiurctic hormone). See Vasopres- 
sin 

Adipic acid in urine 674 

Adipohepatic liver, scrum enzyme changes , 586 
Adipose tissue. Sec under Tissues 
Ado. Sec Adenosine 

Adolescence, basal metabolism. ........... 539 

- blood, acid phosphatase 596 

alkaline phosphatase. 596 

- aspartate aminotransferase 593 

calcium 565 

- - fructosediphosphate aldolase 599 

glucose 605 

growth hormone 720 

- iodine 564 

- lactate dehydrogenase 590 

magnesium 566 

- inorganic phosphorus 563 

- potassium 564 

proteins 583 

- thyroid hormone 726 

- — thyroxine breakdown 727 

- blood pressure 553 

- blood volume 554,555 

-body weight 711 

- bone marrow cells 621 

- erythrocytes, count 614,617 

- diameter 617 

- sedimentation rate 558 

- mean corpuscular volume 617 

- hacmatocrit 617 

- haemoglobin 617 

- iodide metabolism "^26 

- leucocyte count 618,619 

- lung values 

- organ weights 710 

- reticulocyte count 613 

- development of teeth 

- urine, corticosteroids 747 sq, 

- gonadotropins • • • * 

1 — pregnanediol 

■ — testosterone 

- volume 

- vitamin B, requirement 


714 

754 

752 

661 

475 


ADP, See Adenosine diphosphate 

Adrenals, ascorbic acid 490 

-catecholamines 731 

- cholesterol synthesis. 426 

- corticosteroids 743,746 

- hyperplasia,.... 456 

- lactic acid fermentation * . 388 

- phenylcihanolamine iST-methyltfansfcrasc . 440 

- phospholipase A 417 

- respirator)’ rate 387 

- weight 710 

Adrenal cortex, effect of ACTH 430,717 

- androgens 751 

- in cardiac infarction 624 

- functional tests 747 

- hormones. See Corticosteroids 

- insufficiency, sodium in sweat .......... 680 

- urlnarj’ secretion 661 

- oestrogens 755 

- pituitary control 430 

- progesterone secretion 753 

Adrenaline 730 

- in cyclic AMP formation 345 

- biosynthesis 440,731 

- in blood 731,733 

-breakdown.... 732 

- and haemorrhagic diatheses 623, 624 

- release 731 

- in urine 668,733 

Adrenal medulla, in cardiac infarction . 623,624 

- catecholamine formation 731 

Adrcnochromc from adrenaline 731 

Adrenocortical hormones. See Corticosteroids 
Adrcnocorticostcroid hormones. See Cortico- 
steroids 

Adrenocorticotropic hormone. See Cortico- 
tropin 

Adrcnocorticotropin. See Corticotropin 
Adrenogenital syndrome and ossification . . . 707 

Adrcnoglomerulotropin 730 

Adtenosterone 379 

- biosynthesis 428, 429 

Aetianedione 379 

Aetiocholancdtone 379 

Actiocholanolonc 379 

- in urine 746,749 

33-Actiocholanolonc 379 

Actiocobalamin 483 

Actiopofphytins 355 

Ag. See Silver 

Agglomerins in crj’throcytc sedimentation. . 559 
Agglutinins, cold, in erythrocyte sedimenta- 
tion 559 

Ag groups of scrum 634 

Aglycons 308 

Air also Atmosphere), molecular weight. . 252 

- radiation absorbed by 220 

- standard, in spectroscopy 230 

- sea level standard values 252 

- standard density 230 

Al, See Aluminium 

Ala, See a-AIaninc 

Alactasia. 451 

a-Alanine (L-oIaninc) (Ala) 330 

- in blood 574 

- in blood proteins 581 

-degradation 394,402 

- in foods 516 

- formation from glucose. 420 

- in milk 683 

- in saliva 645 

- in sweat 680 

- in transamination reactions 394 

- in trj'plophan degradation 399 

- in urine 667 

P-Alanine 334 

- in blood 574 

- in degradation of cytosine and uracil .... 401 

- formation from aspartic acid ....... 394,434 

- function 434 

- oxidation 401 

- in pantothenic acid synthesis 487 

~ in saliva 645 

- in transamination reactions 394 

- in urine y... 667 

Alanine aminotransferase, activity, gradients 586 


— temperature correction 


585 


Adonitol. - 
D.Adonose, See D-Ribulosc 


322 


- in blood 585, 594 

- - half-life 586 

in heart disease 587 

- in liver disease 586, 587 

effect of muscular work 586 

- - in prcgmnq' 586 

- in cerebrospinal fluid oJo 


Alanine ammotransfccasc. in gastric juice ... 650 

- in milk fiS? 

- in saliva 645 

- in seminal plasma 6S4 

- in synovial fluid 641 

- in tissues 585 

L-Alanine; 2-oxoglutaratc aminottansferase. 

Sec Alanine aminotransferase 

Alanyl-transfcr RNA 351 

Albinism 44S 

Albumins 329 

Albumin (scrum albumin), amino-acid com- 
position 581 

- in bile 655 

- in blood..... 580,582,583 

- in cerebrospinal fluid 637 

- chamcteristics and function. 580 

- in faeces 659 

- in gastric juice 650 

- glomerular filtration and excretion 536 

- in intestinal juice 656 

- lipid complex, in erythtoc)'te sedimentation 559 

- metabolism 579 

- in milk 688, 6S9 

- osmotic activity 526 

- in pancreatic juice 652 

- activation of phospholipase A 417 

- in saliva 645 

- in semen 684 

- in synovial fluid 641 

- tagged, enteral excretion test 2S9 

- in urine 668 

Alcohol. See Ethanol 

Alcohols, complex c)*clic, as lipid components 365 

- conjugation 

- higher aliphatic, in faeces 659 

- in lipids JJa 

- polyhydric 

Alcohol dehydrogenase, in plasma 590 

- in isomerization of retinal 

585 


- m tissues 

- in vitamin A metabolism. 

Alcoholic beverages, composition 


509 


Alcoholic fermentation 387,390 

Alcohol: NAD oxidoreductase. See Alcohol 
dehydrogenase 

ALD (aldolase). See Fructosediphosphate 
aldolase 

Aldehyde-lyases 

Aldehyde oxidase, in vitamin A metabolism. W 

- in vitamin B, interconversions 
Aldolase. See Fructosediphosphate aldolase 

Aldonic acids 

Aldoses 3DSsq. 

Aldosterone ........ ..... 379, 430, 

- in adrenals ' ^ 

- biological activity 

-biosynthesis...; 

- blood 

- breakdown 

- secretion, effect of ACTH « J 

effect of angiotensin 

- inborn limitation 

- effect of progesterone ' 

- - rates 

- in tittnc ';!5' ' 

Aldo-sugats 4H 

Aliphatic acids, conjugation 

Alizarin yellow indicators *■' 

Alkaline phosphatase. See Phosphatase, alka- 
line ,,, 

Alkalosis 

- urinar)’ acidity in 

Alkaptonuria 

- homogcntisic acid excretion in . . . • • - • • ' : --j 

Alkoxydiglyccridcs ^^^’.42 

Alkylglucufonidcs, formation in dcfoxic-itfCin 

Alkyl iysophosphatide ethers • 

Alkylox)4ysophosphatidcs ■ 

Allantoic acid in purine degradation 

Allantoin, in plasma 4,-vj 

- in purine degradation 


- from uric acid 

- in urine 

Alixs’-Doisy test • 

Allo-compounds 

Allocortol 

(J'AUocortoI 

Al/ocortolone 

P-Allocortolonc 

a-Alloptegnanediol 


671 

75^ 


iTv 

; 5t7 
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•>«* ((.AmjnoadipieSckl.taL-lyiioedegndiUon , 

ai-Aminoadipic tenualdehyde u t-ljsioe de- ■ ■ • 


£68 

2-Anuno^n*o>lpyraTieieidiottyplopban 

degndauoA . ..... • • •> 


Am<oosuccmicacid See Aipartic acid 
Amino lugats 311 

- formation <23,424 

- utilization <24 

a-Amino.fl-ibiolptopionieacid See Cysteine 


AmiiMcetie acid Set Clyeme 
Aminoacitone, In (lythfoeitei 

Ammo leidi 
-inbils 

• in blood 

• eiibebydnte lynihoi* from 

- iinihrtii of cell eon*«if«Btt ftor 

• In eticbroapinal fluid 

• derarboiylaiioii 
> deurminaiion 

- tucnoal, dietary tequiteirient* 

- In facui 

• in food* 

- in t»iri< luict 

- (liieMtulac fUteatioa and esoctii 

- glg»eg*nie, etll ronaiitwni* fro 


o-Aituno-^ eubomylptopionic acid. See Ai* 
pacagine 

a-Ammoctotonic acid, in boir^tine degra- 
dation ....... . . . 397 

- m SetbeecKunc dcgfidauon . . - 397 
2 Anuno2dcoxy-o-gabctose See D-Calac- 

2.Amin»2.deoay.o-gl)Ko«e See o-Chsco*- 

l-Ammocibaneiulphotuctcid See Taunne 
0 Aimnoglumieaeid See Clutamie aead 
Asunoglytolipidt 3d5,377 


329 *q 
6S4 
373.574 


- sulphur containing, ii 


i Amino-KidoTidawami 

\intiio *cul-RN\liga*e* 
3irunoKkluru, benign fa 
- m «>pTe>porp>ivtia 


in imino-scid degra- 

3‘ 

prolmc degradation 3^ 
3‘ 

n smnu>acid degrada. 


Ik Kid int eysieinedegradatii 


a Ainino4 gwanidoealeneacid SceAigimne 
« Aminohipputie teid an «tim . M6. «9 
f Ammohippune acid (PAH), renal pbama 

• . S3l 

• (ubulac saetetioA jy4 

2 Amino.3bydtoi)b<n2»ylp)ruei<a<idin 

tryptophan degradation jjg 

3 Anuno9b>diot>buiyMe*eid Saa'tVtao- 

3 Amino-rb)droi)butytieaeid Sea Homo 

2 Amine 4 hydtoiy-d hydiotymethyldihj. 

droptandina pyrophMphate in folia scad 
•yoiheus a-)) 

3 Amino-0-(A hydroayphanyDptopionic 
teti SeaTytotine 

3 Amin>() hydroiyptopioniatcid SaaSanna 
2 Amino-4 hydroaTpurma Sea Cuanma 
6 Ammo 2 bydroiypytiimdiAe Sea Cyiotme 
AminomuJaaokcaiboufflidaioonne 47] 

a-Airuno-0-(4-i>nida<oIe)pro(>Kinic acid 
Sea lliilidina 

a-Ainino-0-<3 indolyOptopionic acid Sea 
Tryptophan 

^AmmoHobutyrK acid 3} 

- m blood 57 

- ut ihymiire degradation 41] 

-miarme 40l.453.« 

a-Aininoiioeaproic scut Sec Ixticinc 
a-Aminoisoealenescid Sea Valina 
3-Aouni>-p beioadipie acid, m glycma degra- 
dation 397 

- m batmsyi^*'* ^34 

- m porphyrin fonnation 437 

fl-Ammobceiilanic aeid 334 

- bmtymbesis. pynJoul phosphate ua 475 

- n blood 375 

- m glycine degradatioa 397 

- mbsemsyubeais 454 

- in Forphyrn foenolion 437 

-moTine 454.455.670 

d-AimnolaeTolinte acid aynthetaM in brae 454 
S-Ammo-X-mcthylpe upna -l^.dioV buffet 280 at) 
3 Anvfu>-Y Biediyiiluolbutyncacid Sea 

Metbioavne 

IT s-Armno-P mctbylralencacid Sea tiolcucine 
>d p (2 Aminir-4-oaoditiy d rop« en dyl-(<)j- 
16 meihybiflinobnuoyl t glutamic acid Sea 

Antinopepmiaae 409,411 

- m plasma 59B 

D9 - m synoTiat And 


Amtsonia-lyaje* • • 

Ammonium (rte«/r«r4«wM'«),ioolwt mul- 

tiple* . .... 25 

Ammonium chloride, solutions, eonrersioB 
fjetori . 274 ie 

- - decmormsl ■ 

- - infusion • ^ 

- - j>H Tilue* . . • 2^ 

- eHeet on unnary oimolatity and ipeeifie 

graticy • • “ 

Ammonium dihydrogen phosphite lolutien*, 
pH ralue* . • ^ 

diAmmenium hydrogen phosphate solution*. 

pH Tiiue* • 2^ 

Ammonium hy dtozide, deeinermal solutions 27 
Ammonium nugneiiutn phosphate in unnary 
Kdurenta 677,67 

Ammonium niiriia, decinormal solutions 27 
Ammonium eaataia solutions, pH Tiluet 27 
Ammonium phosphate, effeet on urinary os- 
mobntyandtpeeifiegnrity 33 

Ammonium sulphate, i^utions, decinonnal 27 

- - pH aaluaa . . 27 

- effect on urinary oimolarny and specific 

S's'ny . . , S2 

Ammonium thiocyanate, decinormal aolu- 
. . .27 

Amnioticftind, compoeilion . ..53 

- tts'htopoieuc icurity 7' 

Aif u r"**'' 

AMP-deiminaje 

aXi™'''''’'"”" 

^"P{’°'««iinB..’tandatd 


40l.*l 

215.2; 


645.6 


'0 phenylpropionrc actd See Phe- 
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Amylo-1,6 glucoi^U,, e,, _ - . ! ! 

coevia^ ^*t>t«nn.l.6 6iu. 

Amylopectin , 

- enzymaiic hydrolyc, ■" 

Amylopectinosit 

3 AivyloM.Sea Amyiop,., • •• 450, 
0-Airylote (imyloie) . 

- enzymatic hydrolytic . * •• ... 

AN factor (biotiniulphoxidey ' 

- Coom’j ’ ' *46»q 
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Anaemia erythrocyte coproporphyrin 575 


- erythrocyte osmotic resistance 616 

“ cr>’throcytc protoporphyrin 576 

~ haemolytic 454 

- - pyruvate kinase in 594 

- scrum bilirubin in 577 

- macrocytic, in folic acid deficiency ...... 479 

- “ in vitamin Bn deficiency 485 

-megaloblastic 453 

- - in folic acid deficiency 479, 610 

- scrum glucoscphosphatc isomcrasc In . . 600 

- in vitamin B,s deficiency 610 

- microcytic 448 

- pernicious, diagnosis from gastric juice . . 650 

- - gastric acidity and 648 

- - gastric juice carbohydrates in 650 

- pyridoxint*dcficjcncy 476 

- pyridoxinc-sensitive 476 

- in scurvy, ascorbic acid and 490 

- sicklC'CcU 446,447 

- blood viscosity in 558 

disease ................. 450, 451 

Androgens 379 sq.,7Sl sq. 

- biological activity 752, 753, 758 

- biosynthesis 428, 429 

- - inborn excess 456 

- in blood 751,752 

- in semen 685 

Androstane 381 

5cc*AndtostanC“3,17-dionc. 379,751 sq. 

53*Androstane‘3,17-dionc 379 

Andro5lan*3a'ol-17-one. See Androsterone 
A^-Androstcne-3,17-dlonc. 379, 751 sq. 

- biosynthesis 428, 429 

- breakdown. 746 

- in oestrogen synthesis 431 

- in testes 746 

Androst-4*cnc-3,ll,17‘trionc. See Adrenostc- 

rone 

Andtostenolonc. Sec DchydcoepUndrostcronc 

Androsterone 379, 751 sq. 

-in urine 430,746,749 

Anemia. See Anaemia 

Aneosinophilia 620 

Ancutia. See Thiamine 

Angina pectoris, scrum enzyme changes . . . 587 

Angioneurotic oedema, plasma kinins 742 

Angiotensin 740,741 

Angiotensinase 740 

Angiotonin 740, 741 

Angles 138,139 

-units 138,207,208 

Angstrom 200, 202 

Angular acceleration units 211 

- frequency tinits 208 

- momentum, quantum'mcchanical unit . . . 228 

- velocity units 210 

Anhydro'compounds 381 

Animal protein factor 482 

Anoestrin 730 

Anomalistic year 206 

Ansbacher unit for vitamin K 467 

Anserine in urine 666 


Antcisomargaric acid 371 

Anterior pituitary. See under Pituitary 
Anthtanilic acid, in tryptophan 

degradation 398,399,475 

- in urine 669 

Antibiotics, standards and reference prepara- 
tions 

Antibodies, blood*group specific, clinical im- 
portance 632,633 

- action of corticosteroids 750 

- formation, pytidoxal phosphate in. 475 

- carried by immunoglobulins 580 

- standards and reference preparations. 760,761 
Anticoagulants, use in thrombo-embolism. . 622 

Anticodons 353 

Antidiurctic hormone. Sec Vasopressin 


Antidiurctin. See Vasopressin 
Antigens, infrequent 

- private 

- public • * ' 

- standards and reference preparations 

- widely distributed. 

Antigen-antibody reaction 

Antiinflammatory steroids 

Antiiogarithms, common fouf'placc . . 

- explanation 

Antilogits and logits 

Antilysokinascs - . . • 

Antimony, properties, isotopes, etc. . . 

Antimony-124, characteristics 




.... 632 
.... 632 
....632 
.... 759 
.... 632 
.... 626 
379,380 

.... n 

134,135 
.... 56 
....622 
.... 239 

293 

.... 622 


Antirachitic activity 462 sq. 

Antisera, standards and reference prepara- 
tions 760, 761 

Antistreptolysin O, standard 760 

Antitoxins, standards and reference prepara- 
tions 760 

aj-Aniitrypsin, amtno-acid composition .... 581 

- characteristics and function. 580 

- in scrum 580 

Anuria 661 

Aora, nomogram for diameter and biological 

age (inside back cover) 

ap (apothecaries* measure) 205 

Apocrine sweat. Sec Sweat 

Apo-enzymes. 382 

Apostllb 223 

apoth (apothecaries* measure) 205 

Apothecaries* units. 204,205 

Apotransaminascs in vitamin B* interconver- 
sions 473 

Apples, composition 499 

Apple juice, composition 499 

- sauce, composition 499 

Apricots, composition 499 

Aquocobalamm 482,483 

Ar (argon) 235 

D-Arabinose 310,313 

- in bile 655 

- in saliva 646 

- in urine 673 

L-Arabitol 322 

D-Arabulose. See D-Ribulose 

Atachidic acid 367 

- in brain gangliosidcs 377 

- in milk 687 

Atachidonic acid 370,492 

- in blood lipids. 604 

- dietary requirements 495 

- in foods 498 sq. 

- in lecithins 375 

- in milk 687 

Arc functions 139 

Arc measure 138 

Arcsine 139 

- tables 69 

Are 203 

Area units 202, 203 

Arg. See L-Argininc 

Arginasc in plasma 598 

- in urea cyde 442, 443 

L- Arginine (Arg) 330 

- in blood 574 

- in blood proteins 581 

- cell constituents from 434 

- creatine from glycine, methionine and . . . 437 

- degradation 394, 395, 402 

- in foods 516 

- in milk 688 

- in saliva 645 

- in semen. 683 

- in sweat 680 

- in transamination reactions 394 

- in urea synthesis 443, 444 

- in urine 452, 667 

L-Argininc amidinohydrofasc. See Arginasc 

Arginine vasopressin 724 

Arginine vasotocin 724 

Argininosuccinatc, in urea s>*nihcsis .... 442 sq. 

- in urine 449 

Argininosuccinatc Ipse, in argininosuccinic 

aciduria 449 

- in urea cyde 442, 443 

Arginmosuccinatc sytithciasc, in citrullin- 

acmia...... 449 


~ in urea cycle 442, 443 

Atgininosuccmic acid {stt efto 

Kate) 334 

Argon, properties, isotopes, etc 235 

Arg*-vasoprcssin 724 

Ariboflavinosis 473 


Atic acids (saccharic acids) 

Arithmetic mean 

- series 

Arms, surface area 

- circumference during growth 


... 312 
... 137 
136,137 
... 528 
695 sq. 


Aromatic acids. See under Acids 
Arsenic, atomic weight multiples. 

- in blood • 

- properties, isotopes, etc 

- in urine 

Arsenic-74, characteristics 

- diagnostic use 

Arscnic-76, characteristics 

Arterial blood, carbon dioxide pressure .... 


250 

567 

236 

664 

292 

289 

292 

545 


Arterial blood, oxygen pressure and 


saturation 544 

-pHv’aluc 545,560 

- viscosity 558 

- volume 554 

Arterial blood pressure. 553 

Arthritis. See Rheumatoid arthritis 

Artichokes, composition 502 

Arylcstcrasc in milk 6S9 

Arj’Iglucuronide formation in detoxication . . 442 

Aiydsulphatases in urine 672 

As. See Arsenic 

asb (apostilb) 223 

Aschheim-Zondei: test 715 

Ascorbic add (t-ascorbic acid) .... 323, 489, 490 

- in blood 490,611 

- in body fluids and tissues 489,490 

- in cerebrospinal fluid 639 

- deficiency 490 

- dietary requirements. 490,494 

- in faeces 660 

- in foods 499 sq. 

losses during cooking 49S 

- in gastric juice 6r0 

- in milk 6S9 

- redox system 490 

- in saliva 646 

- in semen 655 

- in synovial fluid ^42 

- in urine * • • • 676 


Asn. See Asparagine 
Asp, See L-Aspartic acid 
Asparagine (Asn, AspjNHJ). 
- in blood 


- in urine 

Asparagus, composition 50- 

Aspartate aminotransferase, activity, gradients ..S6 

temperature correction 

- in blood 

- - half-life Hi 

- - in heart disease 

- in liver disease 586,58^ 

- in muscle disease 

- effect of muscular work 


- in pcegnana* 

- cell binding -" J 

- in cerebrospinal fluid 


- in gastric juice. . . 

- isorj'mes 

- in milk ......... 

- in saliva 

- in seminal plasma 

- in synovial fluid . 

- in tissues 


Aspartate carbamoyltransfcrasc in pjTimfdinc 

synthesis 4 

E-Aspartate: 2-oxoglutaratc aminotransfer- 
ase. See Aspartate aminoiran'tfcrasc 
E- Aspartic acid (Asp) 

- in adenylic acid formation ‘ , 

- in blood 

- in blood proteins * • ■ * ’ ^ ^ 

- cell constituents from * 

~ 

- in foods ^-0 

- formation from glucose. 

- in inosinic acid formation 

- in pyrimidine synthesis *^”^^645 

- in saliva 

- in 

- in transamination reactions * * 

- in urea synthesis • 4 hj 

- in urine • ■ 

Aspartic acid P-monoamiJe. See Asparagtce 
Asp(NH,). See Asparagine j.-. 

Associative law * ' ' ^ 

Astatine, properties, isotopes, etc y- 

Astronomical unit 

- year 

at (technical .atmosphere) ‘ ‘ ^ 

Ac (astatine) 

Atheroma 

atm (ph^'sical atmosphere). 

Atmosphere (/f.' <?//£> ^d/r), compositton . 

- ICAO Standard "^'*’512 

Atmosphere (pressure unit) 

Atom, definition 

Atomic constants 'T-,.-) 


- mass constant 

- mass scale . . . 

- mass unit .... 
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Benannidax(Jylcjranofot>*°u«fc • ••••••••• dS3 


ATP AMPphoaphotransfense SeeAdeny- 

ATPaae in nult 

ATP creatine phoiphotranafense SeeCie- 
ATP.D-fructoae l-phosphoiramferase See 

Kctohexohinau 

ATP.ti-hexose d-phoaphotrantferaie See 
lleiokinate 

ATP 3-pho«pho-i>-glyeetiie 1 phoephotrani- 
fetiie See rhotphoglycenie kinaie 
ATP pyniTatephoiphoiransfetue SeePyr 

ATPS (ambient temperature and preaaure.iat- 

itio-(10->'> 

Au See Cold 


Beutnethatone • . 
Beuaot, effect on gaatnc p 
BeTCngci. cocDpoaition 

Gi See BianunK 


i-A7-BioiinyI-L-I>sine ... . 
Biatnutb, fame Iinej 

- propertiei. Isotope), etc . 

- in urine ..... 

DitSt’s ipot) . 

Bk (berkelium) ... ,. 

Blackberries, composition . . , 

Black body radiation 

Bleeding See Haemorrhagic diathe: 


66B - volatile acids 

379 - ecid-base balan 


diphosphate 
adenosine monophosphate 
adenosine triphosphate . 

alkali reserve 

aliphatic amines . . 


b(bein) 

B See Boron 

Ba Sea Barium 

Baeitnein, standard 

Bacon, compoaition 

Bacteria, capiula polysaechindei 

- etll iiaU pelysacxMtvlev 


Baibial aodium, buffer aolution 

• pllefaolutieni 
Barium, in blood 

• catbonaie, deeinomMl aolutiona 

• (hlotide, deeuiotmal aolutiona 

• flame lines 

• hydretiJc, dceinarrnil aolulione 


- gtomerularhlitauonandc' 

- m pancccauc luice 

- in lalivt 


Bite eelds.inbite 
-in blood 
• from ebolestetol 
coRiugatca. formation 


- ascorbic acid 


lU.lO -Infaecet 


4S3.dS3 
<S3a4 
.. S2S.«S} 
$2$. <54 
739 
. 727 
484.«55 
<55.<S« 


action on II te 

BileaeTi.eoenzyTiKAInbi]e-acid<oo|ttga»on 438 

Bile pigments . 362 to 


Bile salts Se«Bika<>dt 
Biliary obatmeuon, serum ieuciw 


S21 Dihfuacins 


- >n blood 

- in cctebroapmal fluid 

- eoniugstioQ defects 


4M.«5,ST«.Sn 


- eircutaiion See Gtculation 


203 Bihrubmoids 




- lor 


539.540 


- ..v-«ine asansformaiioo 

- eonSdrxscr limita 

- probebilitiea 


Biological oaidatioo. mrchenistn 
Biological etandatJs and aefeietlce 

- n acctyl-Co A catboxylase 




• erythrocyte count 

• erythrocyte eedimem 

• ethyl alcohol . 


471, 609 
... 563 
.. 610 


Bret luysr 5 
Bthenic ackJ 
PrHmcliC ec 


• Index 

A detailed index to the statistical tables (pages 28-131) and chapter on Statistical Methods (pages 146-196) will be found on pages 197-198 


Blood (confd), hacmiglobin 576 

- haemoglobin 576, 579. 615, 617 

- histamine 575 

- (i*hydroxybmyric acid 608 

- hydroxyprolinc 449 

- inosinc triphosphate 577 

- iron 566 

“ Isoleucinc 449 

- a*kctoglutaric acid 607 

- a-kcioisocaproic acid 608 

- a-kctoisovalcric acid 607 

- ft*kctO‘(i*methylvalcric acid 608 

- ketone bodies 608 

- lactic acid. 607 

- Ic.ad 567 

- leucine 449 

- lipids 600 sq. 

- - excess 374,456 

- malic acid 607 

- manganese 567 

- mercury 567 

- methylguanidinc 573 

- 5-mcthyltcirahydropteroylglutamic acid . , 610 

~ molybdenum 567 

- nicotinamide-adenine dinuclcotidc 577 

- nicotinamide-adenine dinuclcotidc phos- 
phate 577 

- nicotinic acid 477, 610 

- nitrite 564 

- total nitrogen 572 

- nitrogenous substances 572 sq. 

- non-nitrogenous metabolites 606 sq. 

- nonproicin nitrogen 572 

- nucleotides 577 

- osmolality 557 

- osmotic pressure 557 

- oxalic acid 607 

- oxaloacetic acid 608 

- oxygen values 570 

- pantothenic acid 488, 611 

~ pH value 560 

- phenylalanine 448 

- phosphoric esters 563 

- phosphorus 563 

- physicochemical data 557 sq. 

- porphyrins 575 sq. 

- prolinc 449, 574 

- propionic acid 607 

- proteins 579 

•> protein sulphur 563 

- prothrombin deficiency 449, 467, 468 

- unconjugated pterins 610 

^ purines 577 

- pyridoxic acid 610 

- pyruvic acid 607 

- redox potential 560 

“ reducing substances 604, 605 

-riboflavin 471,609 

- rubidium 567 

- selenium 567 

- serotonin 575 

- silicate 564 

- specific gravity 557 

- specific heat 560 

-spermidine 575 

- spermine 575 

-sulphur 563 

- thiamine 470, 609 

-tin 567 

- tryptaminc 575 

- tyrosine 449 

- urea. 572 

- uric acid 577 

- uridine diphosphate 577 

- valine 

-verdoglobin 576 

-viscosity.. 558 

- and haematocrit 557 

- vitamins 

- vitamin 

- vitamin Bij * 

- volume 528, 554 sq. 

- nomogram 556 

- gain in pregnancy ovl 

- pulmonary and intrapulmonary 544 

- - tracer study 289 

- water 561 

- zinc * 

Blood circulation. See Circulation 

Blood-clot retraction 

-time 

Blood coagulation. See under Blood 

Blood diseases, radiotherapy * 291 

- scrum enzyme changes 587 


Blood groups 626 sq. 

- clinical significance 632,633 

- mothcr-and-child incompatibility 611 

Blood-group substances, action of ^-acetyl- 

glucosaminasc 413 

- biosynthesis 424 

- in faeces 659 

- in gastric juice.... 650 

- in saliva 645 

-secretion 627 

- sccrctor character for 631 

Blood platelets. See Thrombocytes 

Blood pressure 553,554 

- effect of angiotensin 741 

-capillary 526,554 

- effect of oxytocin and vasopressin , . . 723,724 

- pulmonary 544 

Blood sugar. See d-GIucosc 

Blood-typing sera, standards 760 

Blood vessels, pressure relationships 544 

Blood volume. See under Blood 
BMR, See Basal metabolism 

Bodansky enzyme units 584 

Body, composition 517 sq. 

- - approximate 523 

elementary 234 sq. 

- fluids, electrolyte composition 523, 525 

- enzyme activities 585 

extracellular. See Extracellular fluid 

interstitial. See Interstitial fluid 

intracellular. Sec Intracellular fluid 

- - intraluminal, amount and electrolytes..., 525 
intra^'ascuIar,amount and electrolytes .. 525 

- haematocrit. See Haematocrit 

- height changes during growth 695 sq. 

- length, of embryo 691 

of foetus 691,692 

- - of infants 693 sq. 

- measurements during growth 693 sq. 

- metabolic size 473 

- organs, weights 710 

- parts, surface areas 528 

- surface area, age and 528 

- - dietary requirements from 524 

- - of adults, nomogram 537 

- temperatufe and pressure, saturated 

(BTPS) 260,541 

- t>'pe, blood volume and 528 

- - calorie requirement and ♦ 495 

- water (jte eho VZater\ balance. See Water 
balance 

- - extracellular. See Extracellular fluid 

- - glomerular filtration and excretion .... 536 

- - insensible loss 524 

- - intracellular. See Intracellular fluid 

- - gain in pregnancy 690 

- - total 517,518.523 

- weight, of adolescents 711 

- of adults, average 711 

desirable 712 

and blood volume 555 

and caloric requirement 495 

of children 695 sq. 

gastric acidity and 648 

of embr^'o 691 

of foetus 691,692 

of infants 693 sq. 

of newborn 692, 693 

loss during first days 692 

during pregnancy 690 

proportions of brain, fat and muscle . . . 517 

Bohr magneton 229 

Bohr radius 228 

Boiling point of elements 234 sq. 

Boltzmann entropy constant 228 

Bombay phenotypes 627 

Bone, alkaline phosphatase 415 

- barium 521 

-composition.... 521 

- cortical, composition 521 

- development 706 sq. 

- disease, scrum alkaline phosphatase in . . . 596 

- organic components 522 

- parathyroid hormone and 728 

- radiation absorbed by 220 

- strontium ^21 

- strontium-90: calcium ratio 521 

- tumours, leucocyte mobility 560 

- lactic acid ferm^tation - 388 

- lipid accumulation ^35 

- respiratory rate - • • ' 

Borate, in blood 


Borate, in whole body 517 

- in lungs 519 

- in urine 664 

Borax, solutions, dednormal 277 

pH values 279 

Boric acid, solutions, dednormal 277 

- - pH values 279 

Boron, flame lines 284 

- properties, isotopes, etc 234 

Br, Sec Bromide and Bromine 

Bradykintn 742 

Bragc-Gray conditions 219,220 

Brain, P-acctylg!ucosaminasc 413 

- animal, amino acids 516 

composition 512,513 

- ascorbic add 489 

“ biotin 486 

- contribution to BMR 539 

- catecholamines 731 

- cholinesterase 414 

- composition 519,520 

- degeneration 455,456 

- gangliosidcs. See under Gangliosides 

~ lactic add fermentation 3SS 

- lipids 369,372,377 

- phosphatases 416 

- phospholipase C 417 

- purine nudeosidc phosphor>’lasc 418 

- radiography 289 

- respiratory rate 3p 

- thiamine 470 

- transaminations 394 

- vitamin B| 475 

- •a-cight 

- - proportional 

Brain sugar. See n-Galactose 

Brandy, composition 3^ 

Brassidic acid 369 

Brazil nuts, amino acids 316 

- composition “J' 

Bread, amino adds 316 

-composition.,..., 50/, -to 

Breasts. See Mammary glands ^ 

Breast feeding, effect on urinar>’ amino acids 6^ 

- cflect on urinary electrolytes 663, 6M 

- effect on urinary nitrogen 665,666 

- cffca on infants* stools * • ^ 

- effect on serum tocopherols 

Breast milk. See under Milk . 

Breathing capacity, maximum (NfBC) ...... 544 

Breddi.n*s method 

. 

- absorbed dose from * * * 

Britisb thermal unit * •* 

Britton-Robinson buffer ^ eA' 

Broadbeans, composition “ , 

Broccoli, amino acids 5 

Brotohidrosis 

Bromide, in blood j:./ 

- in cerebrospinal fluid 

- in gastric juice 

- in saliva 

- dccinormal solutions ‘ 

663 

- in unne 

Bromine, atomic weight multiples 

- properties, isotopes, etc • • * “g-, 

Brominc-82, characteristics 

- decay table • • 

Bromochlorophcnol blue indicator 

Dromocrcsol green indicator 

Dromocrcsol purple indicator tgj 

Bromophcnol blue indicator 

Bromothymol blue indicator 

Bructlfa cterfus antiserum, standard 

Bruns entyme units 

Brussels sprouts, amino acids 

- composition 

B substance, secretion 

BTPS (body temperature and pressure, satu- 

nted) 260,^1 

Btu (British thermal unit) 

bu (bushel) 

BOoicr citzymc units jj.g 

Buckwheat hour, composition 

Buffer solutions cts, 

Bufotenine, in blood 

- in urine 

Bushel 

Butanoic acid. See ^-Butyric acid 

Butcnoic acids 

Butter, composition 

Buttermilk, composition 
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Carbohydrates, in foods.. 

- lofaecea.. . 

- ingastncjuice 


* (centetlmal trunuic) . ■ 

e (centi-, tO-*) 

e (cyeVt pet second) . • • . . . , ■ 
C &e Carbon 

C (coulomb) • . . • > 

C, See Cyudioe 

C(clearance) See Renal clearance 

C See Compliance 

*C (degree Celsius or Centigrade) 

Ca See Calcium 

Cabbage, ammo acids 

•• Aamelinei . 

- ictiTationoffminodipepiidaae 

- properties, Isotopes, etc 


factors .... ...I.... .• 274 iq 

Calcium s><RlucoitMe aolunoni. conrersion 

factors.... 

Calcium hydroxide. deCBtonnal aolutiona . . 277 
- pH nloea .... ....... ... • 279 

Calcium lacwe aohitsona, conTCiaioa 

factors 274lq 

Caluum tacTulsnaie aoluctoot. conrcTsion 


410 Calcium ihiosulphaM aotuiums.ec 


_ ,n urine 673 

Carbon, atomic weight tnultiplca . . . 250 

- cbains, extension 424 

- propertici. isotopes, etc. 234 

Csiben-12 scale 226,227 

Catbon-14, charactenstici . ....... .. 234,292 


» In eryihrecyte aedimentation 
• in lynoslsl Suid in iheumateid arthritis 
Caesium, (lame lines 

- propeiiies, (aotopci, etc 
Cacinun 137, eharaetensties 

> decay tabic 304 

- ihenpeutic use 

Caeatum-baiiam radionuclide, gtnuna cay 
constant . 

CiiTeine in codec 
calls (IS* nletic) 
ci>iT(Ini SieiRiTibti ealene) 
caltatrwsetcsa (ihcRKOCheciucal otlocie) 
Cilcitenirt 46l 

Cslcium, u) amniotic fluid 
' itomic wiighi muluptes 
' btlsAce, ciieiconiA and 
' • aitamin D in 
' la hils 

• In blood 

- In %hola body 
•* la body Auids 

- - ratio of bocK iUonciiun-90 to 

- in ceiabrospinal fluid 

• consersionfactoti 

• conseraion faciot into cilciuni aside 

- dutarj tsqairemcnis 493.41 

- in elecTctiljna balance 
' inecythrocyiea 

- In foodi 

- m pittic juice 

- glomerular fllrraiioA and excretion 


641 . tftfooda . 4<>f 

294 .innulk 

239 - sumoacr, standard 

293 - - nnoary aolutea and 

,303 Calotilk value SeeCalonet 

290 Omeri milk, eompouuoo 

Cancer (ns «/<s Stntma, Tuontt), 

221 erythtocyte mcMny in 
309 . liver Sec Liver estcusoina 

213 • serum glucotepbesphate isomerase 

213 . scrum phoepb^ynivaie bydtttssc 

213 - stomaen Sec Stomach oncer 

. 729 CandcU . 

999 Candy, componuofl 

322 Cana supt See Sucrose 

230 CaAuloups.cotnpoeiiiOA 

729 Capscicance 

461 Capillaries, blood volume in 

<54 - pulmonary, blood volume in 

363 Capillary blo^. pH value 

464 - blood piesauie See Kood pitsvaic 

317 apoouiuc 

32) C^rromycm, reference preparation 

521 Crprteeerf 

321 . « milk 

731 CaptoicaeU 

636 - an rmlk 

323 CsprylK acid 


363 Carbacnifio compounds in blood and erythro' 


I oxytocin arid vtiopreMin k 


- m placenta 

- properties, laotopea, ft' 


Caibon-nittogen ligaset 
Cirbon-flitrogen lyasei . 
Carbon^xygen lyases 
Carbon-sulphur lyases 
l'-A7CarboxybioPn 

Cttboxyhaemeglobin . . . 
“ in blood ,, 


Cathoxypepodase A 

- iti pantteatic lulta . . . 

Catboxypeptidase B . . . 

Carcinoid See Tumours, Carcinoid 
Carcinoma See Cancer 

Cardiac infarction, blood coagulaunn . , 

- genesii 

- lerum enxyme changei 

- serum dehydrogenaiea 

- lerutn glucosephoaphite Isomerate 

- serum phoiphopyruvaie hydtatase , 

- serum traniamiiuiaea and transferases 

Cardiac muscle See under Heart 
Cardiolipjn. > . , 


499,410 
.. 632 
• . 409 


Carbanioylpbaaphaie aynthetaae. In hyper- 
ammonaesma 450 

- inuieacrcle 442,443 

Carbtiiioyttfinalcrsfex 393 

Carbamyl B alanme In degevdatioei of cyco- 
ainc ^ uracil 401 

Cuba(Ryl.B.asMnoiai:;butjno acvd sn thymirie 
degradation 401 

CarbimylaspaftK aesd 334 

- US pyriiiudmc eyotbesis 439 

Caibemyl phosphate, bydeolysu 416 

- in pytsimduie synArsia 431,439 

> « usea MmhciiB 442,443 

3.0Xaibeuioxyglucosa(nine 313 

Catbobydntrt 308 sq 

- biosyixbesn , 441 

'ks blood . 604 sq 

- comsibvtioB to BMR S39 

- in cecebrsepinil flun] , . gyq 

- dietary nspaisemenie . . 495 

- etuyrtiei attscking 405 


Camosine in 1 
a-Carotene 
(3 Carotene 
Carotenes 
- In blood 
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Catal 584 

Catalase 361,362 

- in glycine degradation 397 

- in ndlk 680 

Otalysts of biological oxidations ...... 402, 403 

Cataracts 450 

Oitccholamincs {str alro Adrcralir.e, Depenwe, 

Ncredreralir.t) 730 sq. 

“ assay 731 

- biosynthesis and release 731 

- in blood 731,733 

- in cardiac infarction 623, 624 

- metabolism 731 sq. 

- in urine 668,733 

Catechol 0-mcthyltransfcrasc in catechol- 
amine breakdown 731,732 

Cathepsins 410 

Caihcpsin III. Sec Leucine aminopcpiidasc 
Caihepsin IV. See Carbox)*pcptida5c A 
Cauliflower, amino acids 516 

- composition 503 

Caviar, composition 514 

Cavit)* ion dose 219 

Cb (columbium). See Kiobium 

(centesimal second) 207 

cd (candela) 223 

Cd. See Cadmium 

CDP. See Cjtidinc diphosphate 

Cc. See Cerium 

Ccfalotin, reference preparation 762 

Celery’, composition 503 

Celiac disease in vitamin D deficiency’ 461 

Cell, metabolism 387,388 

- protein, enzyme content 584 

C^obiasc in intestinal mucosa 413 

Cellobiose 324 

Cellulose 326 

- in faeces 657, 659 

Celsius temperature scale 208,209 

Cental 205 

Centesimal angle units 207, 208 

cent!- (10**) 9 

Centigrade temperature scale 208,209 

Centimetre 200 

- redprocal 213 

Centimetrc-gramme-sccond (CGS) electro- 
magnetic and electrostatic units 215 

Cephalins 365,375 

- in bile 655 

- in blood 604 

- in brain and spinal cord 520 

- in cerebrospinal fluid 638 

- in erythrocytes 604 

-formation 425 

- structure and hydrolysis 417 

Ccphalothin, reference preparation 762 

Ccramidc galactosides 376 

- glucosidcs in Gaucher’s disease 377 

V. - lactoside 377 

Cereals, amino acids 516 

- composition 507, 508 

- vitamin losses in cooking 498 

Cereal products, composition 507, 508 

, Cerebellar ataxia 452 

' - hemispheres, cnzj’me activities 585 

Cerebral cortex, enzyme activities 585 


Ccrcbron 372, 377 

Ccrcbronic acid 372 

_ — in phrenosin 377 

Ccrebrose. Sec D-Galactosc 

Ccrcbrosides 365,376,377 

- in brain and spinal cord 520 

fatty’ acids of 369,372 

- in civthrocyie sedimentation 559 

Cerebrospinal fluid 635 sq. 

- ammonia 449, 636 

- amount - 525, 635 

-electrolytes 525,636 

- insulin "56 

- isolcucinc 

- leucine 

- pantothenic acid 488, 639 

- phenylalanine 448 

-thiatiine 470.639 

-valine 

Cerebrum, enzyme activities 

Cerium, flame lines 284 

- properties, isotopes, etc. ..... y. . 239 

Ceroid pigment formation, vitamin E in ... 466 
CcTotic acid 567 

- in waxes - 


Ceruloplasmin. See Caeruloplasmin 


Ctthun. See Caesium 
Cctoleic acid 


Cetyl alcohol in waxes 377 

Cf (californium) 248 

CGS (ccntimctrc-gtammc-sccond) electro- 
magnetic and elcarostatic units ........ . 215 

eh (chain) 200 

eh (metric horsepower) 213 

Chain 200 

Chair conformation of steroids 378 

Chaldron 204 

Chard, composition 503 

CliE. See Cholinesterase 

Cheek-valve mechanism 542 

Cheese, composition 510 

Chenodcoxycholic acid, in bile 655, 656 

— in faeces 660 

— in plasma . 601 

Cherries, composition 499 

Cherry-red spot..., 455,456 

Chest circumference during growth .... 695 sq. 

Chestnuts, composition 507 

Chick antidermatius factor. See Pantothenic 

acid 

Chicken, composition 512 

Chicory, composition 503 

Children {see also Infants end Nen'hcrjt)^ ascor- 
bic acid requirement 490 

— bile, amount 653 

cholesterol 655 

— bile acids 656 

— blood, acctoacctic acid 608 

acetone 60B 

alanine aminotransferase 594 

amino adds 573, 574 

ammonia 573 

androgens 751 

ascorbic acid 611 

aspartate aminotransferase 593 

— - borate 564 

— - caeruloplasmin 593 

carotenes 609 

cholesterol 601 , 603 

— - copper 566 

— corticosteroids 745 

— - creatine 572 

— creatinine 572 

— - ergothioneine 573 

— fatty adds 601,603 

— - fructosedipbosphatc aldolase 599 

— galactose 1-phosphate 605 

--gases 570,571 

— — glucose 604, 605 

— glj’ccridcs 601,603 

glycerol 607 

— glycogen 606 

growth hormone 720 

— - haemoglobin 615,617 

(3-hydroxybutyric add 60S 

— L-iditoI dehydrogenase 590 

iodine 564 

— iron 566 

a-kctoglutaric acid 607 

ketone bodies 60S 

— lactate dehydrogenase 590 

lipids. 601, 603 

magnesium - 566 

nonprotcin nitrogen 572 

pepsin 59S 

acid phosphatase. 596 

alkaline phosphatase 596 

phosphate 563 

inorganic phosphorus 563 

— potassium 564 

— protdns 579, 583 

protoporphyrin 576 

pyTUvicadd 607 

thyroid hormone 726 

thyroxine breakdown 727 

urea 572 

uric acid 577 

visojsity 558 

— vitamin A ^09 

vitamin D 461,609 

--zinc ^67 


- blood pressuru 553,554 

- blood volume 554, 555 

- 

- body surface area - * • • 523 

nomogram...... y- 535 

- bodv weight. See under Body 'weight 

- bonesge 

- bone composition 

- bone growth, alkaline phosphatase and . . 58 d 

- - cpiphyswl 

- bone marrow cells • • 


Children, cerebrospinal fluid, leucocyte count 635 
protein 637 

- corticosteroid secretion 743 

- dietary requirements 493 tq, 

- cry'ihroblastosis 612 

- erythrocytes, count. 614, 617 

diameter 617 

mean corpuscular haemoglobin 615 

osmotic resistance 616 

sedimentation rate 55S 

- mean corpuscular volume 617 

- maximum expiratory flow rate 551 

- faeces, composition and properties ... 657 sq. 

vitamin Bj 475 

- gastric juice, addity 645 

pH value 647 

secretion 647 

- normal measurements during growth . 695 sq. 

- hacmatocrit 617 

- iodide metabolism 726 

- iodine requirements 497 

- leucocyte count 618,619 

- lung values 550 

nomograms 547 

- mineral requirements 496 

- nicotinic acid requirement 47S 

- organ weights ^ 710 

- appearance of ossification centres .... 705 sq. 

- pancreatic Juice secretion 651 

- j>cmidous anaemia "^55 

- pulmonary compliance 549,552 

- pulmonary resistances 549, a52 

- rcticulocy'tcs 

- saliva, chloride 

pH value 

potassium 

- - sodium 

volume 

- sweat, acety’lcbolinc 

clcctrolrtcs 

--glucose f\ 

- lactic add 

- volume 

- teeth, composition 

- - development 

- thiamine requirement 

- thrombocyte count 

- urine, A^-acet\’lhistamine * ° 

- - acidity - 66; 

- - amino adds 660, W' 

amount 6^ 

- - calcium • • 6^ 

- - catecholamines 

- - copper ^ 

corticosteroids ^ 

- - 665 

• 

erythropoietin 

^ ' 

- - fluoride 

glucuronic acid 

- gonadotropins 

- insulin if. 

- - nitrogen 



- - peptides 

porphyrins 

pregnanediol 

tryptophan metabolites 



- vital capacity 

- vitamin A deficiency ••• 

- vitamin A poisoning 

- vitamin A requirement 

- vitamin B, requirement ■' 

- vitamin D deficiency *4/4 

- vitamin D poisoning 

- dtamin D requirement 

- water requirement 

Chi-squared distribution 

- significance limits • • " 

Chitin '5 , 

Chitobiasc in seminal plasma 

Chitosaminc. Sec D-Glucosaminc 

Chives, composition if, 

Chloride, in amniotic fluid 

- in bile . 

• «_i j a'it 56- 

- m blood f ci<; 

- in 'whole body. 

- in body fluids • 

- in bones 

- in cerebrospinal fluid 


A dtoileJ inde* to the « 


Index 
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274«q,523 Choline.oi Jipid* 365 C/(«fr;Ai,« antitoiims, itandsrd) .760 

ilotide 251 -inimlh 688.689 toaoid. reference pre- 

496 - m phosphatidyl ««ef* 375 ....759 

525 -msaliTa . . . 645 »)/(*;< amitoams, itandards 761 

ttt -iniemtn • . 683 Clupanodonie acid . . ... 370 

668 Cm (curium) 248 

ate err* (reciprocal centimetre) ... ... . . 213 

CMP See Cytidioe monophosphate 
‘ Co. See Cobalt 

Co 1 See Nicotinamide-adcnine dinucleotide 
Coll See Njcotjnamide-idenine dinucleotide 

pVwJsphi'e 

' CoA See Cbenzyme A 

CoASH See Coenryme A 

CoA-tnntferatei 386 

Cobalamins 482 

Cobalt, atomic veight multiples 250 

- in blood ■ ...... .... , 566 


iieucighi muliiplei 
soiopet, etc 



Chorionic gonadoUopin .. . ... . 715 

- ocatfogena and 757 

- growth-honnone prolKtm .... 721 

- aaCvdceelopmcnt . . ... ..... 691 

- ibyioitoptn, human . . 809 

ChromaAin gtanulca . 731 

ChfOtnatophoie hormone ... . 721.722 
Oucxnium, In hlood .... , . 567 

- diClacy lequiremenia . . . 497 

- ftame tmca . , . 284 

- propertiea. isotope*, eie , 


Chromium it, <{unctentliet 
~ decay uble 
- dugnouic DM 
Cbromognnin 
Chylomicront 


664 

2« 


374 

602 

407,408 


Chytnoir) psm 

- ut pancreatic |uk« 6)3 

Qiitnotrypsinogena 407 

- sn panereaiiciuKe 652 

Cl (eusK) 2)7 

OnnanucaciJ.coniugaiionwiihgljcine 444 
Circle, geotneiry 1 42 

OKulanon.eXtei of catecholamines 734 

• action of conicoueroids 750 

- pulmonary 543,544 

Cirihosts See under Liter 

Cralema) fluid See CeRbrospinal fluid 
Cia-trana isomerases 386 

Oa-inns isotnerase m phenyblanme 
drgiadaiion 398 

Cit-irans isomriism.of fany aciJs 373 

- of strroida 376 

Ciinie. tn blood 607 

- boflera 280 iq 

- in ecRblospinal fluid 639 

- ejeatag* 424 

- fully acul synihesia fiom 425 

-in foods 499 tq 

- formation 424 

- from glucoK 420 

- in rmlh 689 

- polio 




icarboir)lic acid cycle 


m factor See 5 Formyliclrahydro 


Cufo 
fvhcaeij 
Cirrulluurmia 
CKiunme 

- US blood 

- degradauon 


Cl See CMonde and Oilonnc 


nine dinucleotide 

Codehydrogenate II See Nieotinimide ade. 

nine dinucleotide phosphate 
Cod li>cf oil, eompoiiiion . . Sja 

Codon* . _ ^ , 353 

Cocliaediieiic in vitamin D deficiency " 461 
Cocnayme* . , ... 382 385 

- nucleotide , 

^^wid' Nicotinamide adenine dinu- 

cinayme II Sec Nicotinamide adenine dinu- 
eleoiide phosphate 

Coeniytne A (CoA, CoASH) . 345 453 

- in acttyij, ion of amines ’14. 

-..AW.,.*..,, , <; 


685 

0.391 

674 

511 


Ciiiaie (isociinie) hydcolpic Sec Aconiijte 
bydiatase 

Cnnie-pbusphate-boraie buRer 280 iq 

Citric acid (<rr tli* Cilrtlt) aoluiions. dcci- 

normai 277 

-plltalura 279 

Citric acal cycle Sec Tncarboxylie acid cycle 


491 


Cuinac'aic' 

CWsrancc Sec Rciul cleara 
CIr>yrndiry«70dnc Amp 


514 Cocnrjmc Q„ 1 
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Colistin, refetcnce picpatation 762 

- standard 761 

Collagen, biosynthesis, ascorbic acid in .... 490 

- metabolism, hydtoxyprolinc excretion and 666 

- in tissues 522 

Collagen diseases, salivary secretion in 643 

Collagen hydroxyprolinc 432 

Colloid-osmotic pressure of plasma .... 526, 558 

Colonic mucosa, respiratory rate 387 

Colostrum, composition 687 sq. 

- fatty acids 687 

Colour index of blood 615 

Colour vision, plates for testing . . . (inside back 

covet) 

Columbium. See Niobium 

Commutative law 132 

Compliance, respiratory 545,552 

in children, determination. 549 

Compound A. Sec ll-Dchydrocotticosterone 
Compound B. Sec Corticosterone 
Compound E. Sec Cortisone 
Compound F. See Cortisol 
COMT (catechol O-mcthyltransferase) in 

catecholamine breakdown 731,732 

Concentration units 226,227,271 

- conversion of 251 

Condensing enzyme in tricarboxylic acid 

cycle 390, 391 

Conductance, pulmonary 546 

Conductivity, electric 216 

Cone, geometry 142 

Cone vision 223 

Confectionery, composition 509 

Confidence limits 150, 152, 154 sq. 

-tables 43, 63, 85 sq. 

Congo red indicator 283 

Conjunctival xerosis 460 

Connective tissue, effect of growth hormone 720 

- respiratory rate 387 

Conn’s syndrome. See Hyperaldostctonism 
Constants, atomic 228,229 

- field..... 228 

- mathematical 9 

- physical 228 sq. 

- thermodynamic 228 

Constitution. See Body type 

Contact therapy with radionuclides 290 

Contractile tissue, effect of oxytocin and vaso- 
pressin 723,724 

Cootsv’s anaemia 448 

- trait 448 

CooMSS’ test 626 

Coordinated Universal Time 207 

COP (colloid-osmotic pressure) of blood 526, 558 
Copper, in amniotic fluid 522 

- atomic weight multiples 250 

- in bile 654 

- in biological oxidations 403 

- in blood 566 

- in whole body 517 

- in bones 521 

- in cerebrospinal fluid 636 

- dietary requirements 496 

- in erythrocytes 566 

- in faeces 658 

- flame lines 284 

- in foods 499 sq. 

- in gastric juice 649 

- in hair and nails 520 

- in milk 688 

- in organs 519 

- in pancreatic juice 652 

- in placenta 522 

- properties. Isotopes, etc 235 

- in saliva 645 

- in semen 683 

- in skin 820 

- in sweat 680 

- in synovial fluid 641 

- in teeth * • - • 821 

- in urate oxidase 419 

- in urine 664 

Conper-64, characteristics 292 

- decay table 298,299 

- gamma ray constant 221 

Copper oxide, dccinormal solutions 277 

Copper sulphate, dccinotmai solutions 277 

Coproporphyria, idiopathic iH 

Coproporphynns 

- in blood 

~ in faeces 

- in urine V'*’"* a^a 

Coproporphyrin I, accumulation ^^2 

-in bile 


Coproporphyrin I, biosynthesis 454 

•“ in urine 670 

Coproporphyrin HI, in bile . . 654 

- in haem synthesis 454 

- in urine 455, 670 

Coproporphyrinogens 356,357 

Coproporphyrinogen I, biosynthesis ....... 454 

Coproporphyrinogen HI in haem synthesis . 454 

Coprostcrol in faeces 660 

Cord (unit) 203 

Cord blood, ahnine aminotransferase ...... 594 

- amino acids 573 

- aspart.ate aminotransferase. 593 

- bases 571 

“ bicarbonate 571 

- bilirubin 576, 577 

bradykinin 742 

- caeruloplasmin 593 

- calcium 565 

“ carbon dioxide 570, 571 

- carotenes 609 

- chloride 562 

- cholesterol 603 

- cholinesterase in 595 

- citric add 607 

- copper 566 

-coproporphyrin.... 575 

- corticosteroids 745 

- creatine kinase 594 

- creatinine 572 

- ergothtonetne 573 

- crythroblasts 612 

- erythrocyte count 614 

- erythrocyte osmotic resistance 616 

- erythropoietic activity 740 

- fatty adds 601,603 

-folic acid 610 

- fructosediphosphate aldolase 599 

- galactose 1-phosphalc 605 

- glucose 604 

- glucosephospKatc isomcrasc ............ 600 

- growth hormone 720 

- hacmatocrit 614 

-haemoglobin 576,615 

- a*hydfox>'butyratc dehydrogenase ....... 591 

- L'iditol dehydrogenase 590 

- insulin 736 

- iodine 564 

- iron 566 

- isocitratc dehydrogenase 591 

- a-kctoglutaric acid 607 

- lactate dehydrogenase 590 

- lactic add 607 

- lecithin 604 

- lipids 603 

- magnesium 566 

- malate dehydrogenase 591 

- nonprotcin nitrogen 572 

- oestrogens 756 

- oxj'gcn 570 

- alkaline phosphatase 596 

- phosphocthanolaminc 573 

- pH value 560 

- placental lactogen 721 

- potassium 564 

- progesterone and metabolites 754 

- proteins 583 

- protopoqihyrin 576 

- pyruvic acid 607 

- riboflavin 609 

- sodium S65 

- thrombocyte count. 620 

- locophcrols 609 

- urea 572 

- vitamin A 609 

- vitamin 609 

- vitamin 610 

- xinc. 567 

Com ester. Sec o-Glucosc 1-phosphatc 

Corn, sweet (mairc), composition 504 

Cornflakes, composition 508 

Corn flour, composition 508 

Corn od, composttion 510 

Cornstarch, composition 508 

Com sugar. See d-G1ucosc 


Corpuscular haemoglobin. Sec under Eryth* 


toc^'tes 

- volume. Sec Erythrocyte volume 

Corpus lutcum, progesterone secretion 753 

Corpus lutcum-ripening hormone. See Lu- 
tciniring hormone 

Correlation coefficient 179 sq. 

- tables 61 sq. 

Corrinoids • • - 


Cortex, adrenal. Sec Adrenal cortex 

- bone, composition 521 

Cortexolonc. Sec ll-Dcoxj’cortisol 
Cortcxonc. Sec Deoxycorticosterone 
Corticosteroids 381, 742 so. 

- regulation of ACTH secretion 717 

- assay 743,744 

- biological activity 748 sq. 

- biosynthesis 426,42Bsq. 

- - clfcct of ACTH 71? 

inborn defects 456 

- - rates 743,745 

- in blood 745 

- in cardiac infarction 624 

- serum dehydroascotbic add and 611 

- 17-dcoxy-, structure and assay 744 

- - in urine 746 

- gluco-. Sec Glucocorticoids 

- ll-hydroxy-, structure and assay 744 

— • in urine 747 

- 17-hydroxy-, structure and assay 744 

- in plasma 745 

excretion during pregnancy 749 

- 17-ketogcnic, structure and assay 744 

- in urine 746 sq. 

- metabolism 428 sq., 430, 746, 747 

- inborn errors 456 

- roincralo-. See Mineralocorticoids 

- reducing, in plasma 745 

structure and assay 744 

-in urine 430,746^sq, 

CoTticostetoid-binding globulin 7-»5 

Corticosterone 379,743jq. 

- in adrenals * *“1^ 

- biological activity..... 749 

- biosynthesis 428,4^ 

- - rates 

- in Wood ’ ^ 

- protein binding 27- 

- breakdown 746,. 4, 

- release, cflect of ACTH • • • ‘ 'j, 

- in urine ;••• 

Corticotropic hormone. See Corticotropm 
Corticotropin (ACTH) 

- testing of adrenocortical function 

- effect on androgen formation 

- in cardiac infatcuon Jr. 

- in catecholamine secretion • • ' , 

- and haemorrhagic diatheses 

- and mclanotropins ■*« 

- releasing factors 

- secretion, effect of vasopressin * 

- regulation of ACTH secretion 

- in adrenals 

- biological activity 

- biosynthesis yh'liS 

T”’" 716, ’718 

- m blood 425 

- - protein binding * • • -4- 

- breakdown, ^■’3 624 

- and haemorrhagic diatheses ’ 71? 

- release, effect of ACTH rJ7 

Ti” i79 742W. 

- in adrenals 

- biological activity ^7^ 429 

- biosynthesis ' 745 

- in blood * * "46 74" 

- breakdown, 623*624 

- and haemorrhagic diatheses 4i(}*7iT 

- in urine ‘ ' * '379 

a*Cortol 3^ 

37} 

379 

P-Cortolonc 74T 

Cortolones in urine 530 

cos (cosine) * 1 30 

Cosine 13’ 

cot (cotangent) jtB, 13^ 

Cotangent ' 

Cottonseed oil, composition 

Coulomb 

Cow’s milk. Sec under Milk -^4 

Covsackic virus antisera, reference , 

Cozymasc. See Nicoti'namidc-adcnine 

otidc ^ 211 

Cp (cassiopeium) * 

CPK (creatine pho'phokina^c). See 
kinase 

Cf. See Chromium 514 

Crab, composition 
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L-CyiKine,uurinefiom 4: 

— in urine . .... • •••«••••••« ■>> • ^ 

Cystemeittlphtnic teui fai L><jsteiiie degrxda- 

Cyiteinesui^nuc in L-cyxRine degndi- 


Dehydratase: 

Dehydration 


glomerular hliniion and r> 


aiinary oamolarity and ipecifie 


Crtwlcihihilrin indiexior 
aOnol jrarple mditmot 

^nii, coippoiition 


Ciyeicopie cenitant 
Ciymunihcne 
Cs Ciciium 

CSr S(« CtRbcoipinal fluid 

«g.ein(eatangem) 

CIP See Cytidiru ttiphoaphatc 
CU (eipen unit) 

Cu See Copper 
Cyber table 
Cubic mcaiurci 
Cyrumberi, eowpori'ion 
Cumoeairol, oetitogenic tctitity 


Cvanoeobinamide 
Cyanocobalamin 6e> 




350.4: 


Cyiidine wiphoaphate (CT?) 

> m fonnaiion m leeithio and eephalin 4 

• in pyiitnaditie aynihma 4 

Cytidme tnphoaphite ayntheiate in pynm- 

diM tynt^aia 4 

Cytidybe acid See Cyndme tnoAophoipkate 
Cytoehtomea 3<1,3 

- in biologieat eaidauona 4 

- in iperiRttoaoa ( 

Cytoehrome e redox potential 4 

Cyiotine 3 

• degtadaiion ‘ 

- in DMA aymheaia 

- m protein ayntheiia 


liam , . 

Dehydroiioandfortetone See Dehydroepi- 
androiterone 

3-Dehydcoretinil See Vitamin A, aldehyde 
3 Dehydroretinaldehyde See Vitamin A, al- 
dehyde 

S-Dehydrorciinol • 

T-Dehydcoaiioaterol, ritamjit D from . . 

2-Dehydtoiiigma»>erol, yjtamm D from 
Deiodinaae in goiteoui ereijmim 
Demagnetization factor 
DemethylchloBctfreyeline. reference prepi- 


- m eyatine degradarx: 


t homocrateine dcgndatior 


DearrunaOon. 



234 li; 


d (day) 
d (deci-. 10 •) 
d-(d<t»o-) 

D See Deuterium 
da (d«a-. 10') 

dADP (dtoayideooaine diphoaphate) 343 - in faeeei 

Dairy pco>lucta,eoni(MHiiion $10,311 -irtplacn 

DAM tmnfor eitatnmK 467 Deoxy-eor 

dAMP See Deoxyadenoamc monophorphate 17 Deoxyt 

Dandetron greena. coinpoaiiion 304 itetoidi 

Datea. eoec^ioauton 500 U-Dtoayt 

dATP (deoaya jc iioame tnphoaphite) 343 -biologic 

Davca-rouTpH-biearbonm diagram S2S - biorymt 

Day 203, S)6 - - inctea 

dbfdecibcl) 223 - - ram 

dCDF (droaycyiMlme diphoephaie) 343 U Deoxyi 

d CMP See Deoiyeyiidinc monopbotfdaie - biologic 

dCTP( Jeoiy ey u d4cie icipbotphate) 343 - breiVdo 

I3rad ipacc TenlilaiKm 342 - in plain 

CHaimdoNAD (naronroe acid adetune di- - accreuoi 

nucIeoCMle), m NAD and NADP for 


Drntiry, of elementr 

: I'"?"' wn 

Dentine, eooipeaition • Ml 

- orpnie eempottenn 5*2 

DeoxyidenoJine 539 

- enrymatie deatrumtidn ' j*' 

- diphoaphate (dADP) J45 

- monophosphitd (dAMP) 343 

- - enrymatie de»minatior\ dl9 

- - in DNA 5*1 

- iriphoiphaee (dATP) • 343 

S'-Deoxyadeneiylcobilamin 482, 483,413 

Deeiyadenylicaeid See Deoxyadenoame 

mnnophosphaie 

t-Deoary-O-e/fremethybae 313 

Deexyatabinoie See 2.Deoxy-D.nbose 
Oeoxyeholie acid, in bile 635,656 


leronelDOO J79.743an 


21-Dcexycorti9ol 


lanuno-acut degra- 

393 

TOMI FaNCOnrayndtocne 432,433 


Deo 




397,3^6 Decanoie acad SecCapncacid 

476 Deeacboi)!aaeaar>d Ticamm B, 47$ 

333 t>carboaylatK>n m ainiAO-acrd degradation 374 

‘ Decay comtanl 


’ diphtMphatc (dCDP) 

- monophoaphitc (dCMP) 

- - mDNA 

- ttiphoiphale (dCTP) 

Deoiycyiidylic acid Sec Dcoxycyiidint 

nophoiphate 

2 Deoxy o-eryihropenfoae See 2 Deox 




le See i-Fucose 


- diphoaphate (dODP) . . 3. 

- monophoaphaie (dGMP) . . . $■ 

--10DNA .. . , 

- triphoiphate (dCTP) . . .a 

Dcoiyguanylie acid See Deoxyguanotine t 

monophoaphaie 1 

Deoxyhaemoglobin See Haecrxaelobin ! 
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‘hyclfoxymcihylcytidinc monophos- 

JclHMCMP) 343 

Dcoxyinosinc 341 

2I-Dcoxykctol5, structure and assay 744 

- excretion durinp pregnancy 749 

G*Dcoxy*L*mannosc 313 

Dcoxy*5*mcihyIcytidinc monophosphate 

(dMCMP) 343 

Dcoxymyoglobin. See Myoglobin 

Deoxypcntoscs, degradation 399 

Dcoxypyridoxinc 474 

Deoxyribonucleases in pancreatic juice 652 

Deoxyribonuclease I 406,418 

- in plasma 597 

Deoxyribonuclease II 406,418 

- in plasma 597 

Deoxyribonucicatc 3'-nucIcotidohydrolasc. 

See Deoxyribonuclease 11 
Deoxyribonucleatc oligonucleotidohydro* 
lase. See Deoxyribonuclease I 

Deoxyribonucleic acid (DNA) 351 sq. 

“biosynthesis.... 351,352 

“ - folic acid in 479 

- vitamin Bjj in 485 

- enzymatic cleavage 406 

- depolymctization 418 

- in leucocytes 578 

“ in semen. 684 

“ viral, synthesis 352 

Dcoxyribonuclcoprotcin 351 

Dcoxyribonucleotidcs, formation, vitamin 

in 485 

2-Deoxy-D-nbosc 313 

“ formation from glucose 420 

- phosphates. 318 

“ 1-phosphatc, formation from 

nucleosides 339,340 

- 5-phosphatc, degradation 399 

Dcoxyribosyladcnine. See Deoxyadenosine 
Dcoxyribosylcytosinc. See Deoxycytidine 
Deoxyribosylguanine. See Deoxyguanosinc 

Dcoxyribosylhypoxanthinc 341 

Dcoxyribosylthyminc. See Dcoxythymidinc 

Dcoxyribosylxanthinc 341 

21-Dcoxystcroids, excessive synthesis 456 

Dcoxythymidinc 340 

“ diphosphate (dTDP) 343 

- monophosphate (dTMP) ....... 343, 438, 439 

- “ in DNA 351 

- formation..... 438,439,479 

- triphosphate (dTTP) 343 

Dcoxythymidylic acid. Sec Deoxythymidme 

monophosphate 

Deox^niridylic acid in pyrimidine synthesis . 439 

Deoxyxanthosine 341 

Dcphospho-cocnzyme A in coenzyme A 

formation. 487 

• Depot fats 374 

Dermatan sulphate 326 

Dermatitis, photosensitive 452 

Dermatomes of primary rami of spinal 

nerves (inside back cover) 

Dcsmostcrol in cholesterol synthesis. . . 426,427 
Dcsoxy-. See Dcoxy- 

Desulphydrascs, vitamin Bj and 475 

Detoxication mechanisms 442 sq. 

Deuterium, properties 234 

- oxide, density 230 

Dcuteroporphyrin 358 

- in faeces G59 

Dexamethasone 379 

- regulation of ACTH secretion 717 

“ testing of adrenocortical function 747 

- relative biological activity 750 

Dextrans 327 

- as plasma expanders 530 

Dextrins, enzymatic hydrolysis 411,412 

“ a-limit, from starch 411 

<1)-Dcxtrin 411 

Dcxtrin-l,6*glucosidasc 412 

-deficiency 450,451 

Dextrinosis, limit 451 

Dextro compounds 308,309 

Dcxtronic acid. Sec o-Gluconic acid 
Dextrose. Sec d-G1ucosc 

dGDP (deoxyguanosinc diphosphate) 343 

dGMP. See Deoxyguanosinc monophosphate 

dGTP (deoxyguanosinc triphosphate) 343 

DHF. Sec Dihydrofolrcacid 

dHMCMP (dcoxy-5-hydroxymcihylcytidinc 

monophosphate) 

Diabetes, galactose 

- gastric juice secretion 

- from destruction of hypothalamus 


Diabetes, urinary l»mcthyl-2-pyridonc 
5'Carboxylamldc 676 

- blood thiamine 609 

Diabetes insipidus 452,453 

“ fluid deprivation test in 535 

5-N,0-Diacctylncuramimc acids 316 

DiacylglyccrolSi Sec Diglyccrides 

Diamines in semen 684 

Diaminobiotin 487 

c(,c-Diamino-«-caproic acid. Sec L-Lysinc 

a,c*Diamino-8*hydroxy-«*caproic acid 331 

a,E-Diaminopimclic acid, decarboxylation . . 394 
Di-(a-aminopropionic)-P-disu!phidc. Sec 
Cystine 

2.5- Diamlno-«-valcric acid. Sec L*Ornithinc 

Diaminoxidasc, vitamin and 475 

Diammonium hydrogen phosphate solutions, 

pH values 279 

l.S'Diazine. Sec Pyrimidine 

Dibucainc number 595 

p-Dichlorobcnzenc, mcrcapturic acids from. 445 

Dicumarol, vitamin K and 467 

Diego blood-group system 632 

- clinical significance 633 

Dicnocstrol, oestrogenic activity 755 

Dietary allowances 493 sq. 

- tables 498 sq. 

Dicthylstilbocstrol, oestrogenic activity .... 755 

Diethyl sulphide in urine 663 

Diffusing capacity of lungs 545,552 

Diffusion constants of plasma proteins 580 

Digestion 389 

Digestive enzymes 405 sq. 

Digitalis, standard 763 

o-Digitoxosc 313 

Diglyccrides 365,374 

- in bile 655 

- in faeces 659 

“ in scrum. 601 

- in triglyceride synthesis 426 

Dihydrocholestcrol in serum 601 

Dihydro-cofnpounds 381 

22-Dihydroergostcrol 462 

- vitamin D from 461 

Dihydrofoltc acid (DHF), biosynthesis 478 

- in pyrimidine synthesis 439 

- reduction to tetrahydrofolic acid 437 

Dihydro-orotase in pyrimidine synthesis . . . 439 

Dihydro-oratc dehydrogenase in pyrimidine 

synthesis 439 

Dihydro-ototic acid in pyrimidine synthesis . 439 

Dihydcoptcroic acid in folic acid synthesis. . 478 

Dihydroptcroylglutamic acid. Sec Dihydro- 
folic acid 

Dihydrosphingosinc, in lipids 365 

- in sphingolipids 376 

Dihydrostrcptomycin, standard 761 

Dihydrothymine in thymine degradation . . . 401 
Dihydrouraci! in degradation of cytosine 

and uracil 401 

Dihydrox>'acctonc 311,313 

- phosphate 317 

in carbohydrate synthesis and breakdown 441 

in erythrocytes 605 

in glucose 6-phosphate formation 422 

glycerophosphates from 420 

in glycolysis 339 

in lactic acid fermentation 390 

rr^/Ar<?-/rtfffr-l,3-Dihydroxy-2-amino-octadcc- 

4-cnc. See Sphingosinc 

Dihydrox^’cholanic acids in plasma 601 

Dihydroxycholcstcrols in synthesis of adrenal 

steroids and androgens 428,429 

D-(+)-N-(a,Y*Dihydroxy-B9-dimcthyl- 
butyryl)-3-s»l“ninc. Sec Pantothenic acid 

5.6- DihydroxyindoIc in mebnin formation . 440 

I lot, 1 5-Dihydroxy -9-kctoprosta-5,l3-dicnoic 

acid 373 

I I a,l 5-Dihydroxy-9-kctoprosia-5.13,17- 

trienoic acid. 373 

lla,15-Dihydroxy-9-kctoprost-13-cnoic acid 373 

l7,21-Dihydroxy-20-kcto$tcroids in urine .. 746 

3.4- Dihydroxymandclic acid, from catechol- 
amine breakdown 732 

- in urine fi75 

2.6- Dihydroxy-5-mcthylpytimidinc. See 
Thymine 

3.4- Dihydroxy-p.phcnyIaccta1dchydc from 

catecholamine breakdown 732 

3.4- Dihydroxyphcnylacctic acid, from 

catecholamine breakdown 732 

- in urine - * - •; 

3.4- Dihydroxyphcnylalaninc (dopa), m 
adrenaline and noradrenaline formation . . 440 


3.4- DihydroxyphcnyIalaninc,dccarbox)’latiQn 394 

- in melanin formation 440 

3.4- Dihydroxy-0-phenylethanol from 

catecholamine breakdown 732 

3.4- DihydroxyphcnyIethylamine (dopamine) 730 

- in adrenaline and noradrenaline formation 440 

- breakdown 732 

- formation from 3,4-dihydroxyphenyl- 

alaninc 394 

- hydroxy lation, ascorbic acid in 490 

“ in urine 668,733 

3.4- DihydroxyphcnyIglycol from 

catecholamine breakdown 732 

3.4- DihydroxyphenyIglycoIaldehyde from 

catecholamine breakdown 732 

17a, 21-Dihydroxy’prcgna-l,4-dicne-3, 11,20- 
trionc. See Prednisone 
3a,20a-Dihydrox>’-5a-prcgnanc. See a-.Mlo- 
prcgnancdiol 

3(3,20a-Dibydroxy-5a-prcgnanc 379 

3a,21-Dihydrox)’-53-prcgnane-ll,20-dionc , 3S0 

113.21- Dihydrox)’prcgn-4-cn-18-3l-3,20- 
dione. See Aldosterone 

113,17a-Dihydrox^'prcgn-4-ene-3,20-dionc . 375 

113.2 1- Dihydrox}'prcgn-4-cnc-3,20-dionc. 

See Corticosterone 

17a,21-Dihydroxyprcgn-4-cnc-3,20'dionc. 

See 11 -Dcoxy cortisol 
17a, 21-Dihydrox>'pregn-4-cnc-13, 11,20- 
trione. Sec Cortisone 

2.3- Dihydroxypropanal. See o-Glyccr- 
aldchydc 

1.3- Dihydroxypropan-2-one. See 
Dihydroxj’acctone 

D-a,3'Dihydroxypropionic acid. See 
D-Glyccric acid 

2.6- Dihydroxy’purinc. See Xanthine 

2.6- Dihydrox>'pyrimidine. Sec Uracil 

2.6- Dihydrox>*pyrimidine-4-carbox>4{c acid. 

Sec Orotic acid 

3.5- Di-iodo-3'-mcthyl-Di.-thyroninc, 

comparative potency 

3. 5- Di-iodo-L-thyroninc, comparative 

7 ^ 1 / 

“ peptide-linked, in thyroid hormone 
formation ‘ “ ^->0 

Dikctohydrindylidcnediketohydrindaminc .. 3- 

Dimcrcaprol, reference preparation ' 

N*,A/*-Dimcthyladcnosinc 

Dimethylallyl pyrophosphate in cholesterol 

synthesis *^"^'573 

Dimcihylaminc, in blood 

“ in urine 553 

p-Dimcthylaminoazobcnzenc indicator ••••*. 

Dimcthylaminocthylaminc buffer 

N-Dimcthylaminolcucylglycinc buffer. . . 

5.6- Dimcthylbcnzimidazolc riboside in 

vitamin Bjj synthesis 

5.6- Dimeihylbcnzimidazolylaquo- 

cobamidc 

5.6- Dimcthylbenzimidazolylq’anocobami'-e. 

Sec ^'^itamin Bjj 

5.6- Dimcthylbcnzimidazolylhydro\o- 

cobamidc • .Vi 

7.8- DimethyI-10-(D-dalcityI)isoallox32mc 

Dimcthylglutaric acid buffer "" ^54 

A^*,iV*-DimcthyIguanosinc ’ V ” 

7.8- Dimcthyl-10-(D-ribit3’l)isoalloxarinc. See 

Riboflavin 

5.6- Dimcthyl-l-(a-ribofuranos3l)bcnztmiu- 

azoic 3'-phosphatc 

“ 

7.8- DimcthyItocol * — ^^5 

5.8- Dtmcthyitocotrienol 

7.8- DimcthyI(ocotrjcnol 8^-5 

A^iV-Dimclhyhr3-p^aminc, in 

- in urine - it;- 

Dinitrophcnol indicators 

Dipeptfd.tscs ' ’ jf'j? 

Dipcptidcs, enzymatic hydrolysis ^g,- 

Dipeptide 

e-Diphcnol oxidase, in albinism 5.(^3 

- caeruloplasmin .and. 1' * ’ * 1 ' " 

l,3'Dipho5phoglycentc (o-glycctic acid 

- in carbohydrate synthesis and breakdov.n. 

- enzymatic cleavage 

- in erythrocytes 

- in glycolysis 57- 

Diphoiphomositides in brain and 
Diphosphopyridinc nucleotide. Sec i tcoti.- 

amidc-adcninc dinucicotidc 
Diphtheria antitoxins, standards ' 
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-camotie .. 53J 

Diuretis tot . 747 

dk (dek«-. 10') 9 

dMCMP (deo>T-5 itiethjlqtidme mono. 

phosphiie) .... 341 

DN k Set Deo!c)nbonu<leic aciil 
DWate See Deo«rtibonuelea« 
rWnucleoliJylinntfeme.. . 351 

D\.\poI)metaK 351 

DNite See Deoiynbonuclease 
tX)C See Deoxyeotttcostetone 


Doeoi: 




A" DoeoKnoie . ... 

<ii-A" DocoMnoic tovl 
/'e«-A“ DoeoKnoie acid 
13 Doeoitnoie acid 
Dodccanoic acid See l.autic 
A* Dodccenoie aciJ 
A' Dodeei 
A> Dodeci 


367 

370 




mdk 


:k blood group i) 

Dope See 3,4 Dih)drai)phen>talanin< 

Depa decitbonkte "t idreniline and 
nondrtfla'ine foriraiion 440 

Dcrawine See 3.4 Dihirdcoe\phen\!eth)l 

DopaRune hydcoajUw intdrcfutine and 
neradcenaliM fermaiien 440 

Deteiquieilentefndiation 221 

Doiimetry of ridionuelidei 217 iq ,2S6,287 
Deiciaeontaneie leid See Laeeecoie arid 
dpm (diiinicgniioni per minute) 217 

DPS (diphoiphept ridinc nucleotide) Set 


Sieotmimide idenint dinuclcotide 
dpi (diiiniegfitiont pet leeend) 
dt (dram, dnehm) 

-did"' 

Dram 

- apeitieuiiet' 

Dtiting ptetture, eateuUt 
Dtopi pet minute, nemognm 
Dry meaiuRi 
dry pi (dry pint) 
dry qi (Jty quart) 

dTDP (Jeomhytnidine diphotphate) 
dTMP See OeoiyihymiJine monophoephai 
dTTP (deoatthtmiJine tripho»phafc) 

Dane /oM>»ON avndtortte 

- aerum bilirubin 
Duck, eorrpotitioit 
Duffy blood group i)itcm 

- elmicil iignincjnee 

Duodenal u'cer, gaxtie luicc wcrclion 


217 


ict conieotietoida 


- - eedaceJ.iAh)dtogen.l 

- mao aioppingpouec 


- - muliiplea 

-in human body 234 aq 

- eteciroAK conliguntiona 

- eoAienia to food* 

- periodic t)itrm 

- pcopettKa. noiopea, eie 
Clenwniaty charge 

a Cleotteatictcid 
Ellipse, geometry 
Ellipcoeyaetii 
Em (emanation) 

Emanation 

Embryo (>rr«/e* f»r/«), haemoglobin 

- me and ueight 

emu (clcnromagneiie units) 

Enamhie acid 
Endiura, eocnpoaiiion 
‘eight* 


. 21S.21« 
402,403 
218 sq 


- duenee of radiaiion 

- dui denuty of radiation 

- meebanKj) unita and t) mbola 

- tPt\Ac\nm{mtlM<UI»vi) 
Energy aupplying reactiona 
ENOfenolaK) Sec Phoaphopyiut 

bydrataae 


- elatfiSeatioa and Rumfcefing 

- rongen at defecti 


. S85.S86 
... 584 
... 584 
... 672 rq 


Eoiinophil test See THoas’a te 
Eositiophilia ....... 

Ephemerii tiiM . . , . 

Epiandrostcrone , 


229 Epidtrmia See Skin 


Epithelial numbi 
yaaopteiam . . ^-v— — 

EPS (eaophthalmoa producing aubatanee) 
tpvomialiB, eonyetaionfaeiori ' 


218.221 
212 213 
38? aq 


Cl s (eaophthalmoa ptodueing ml 
Epvom lalia, eonyeraion factori 
Eq (gramme equitalent) 
Equaiieni, solution of 
Equilenin . 

- inadtenaliumeuti' 

Equilm ... 

Equiealent, amount of 
Ee (erbium) 

Etbium, ptepemea. laotopeile 
Eag . ■ 

Etgocaleiferol See Vuamm D 
Etgoitane in atetoida ' 
Etgoalecol 

- bioaymheaia 

Ecgoihioneine 

- in blood . 

ERv'(eVpfta‘iory ceieeve Volur 

Ery ihrilol 
Er> ilicobli 


- , ' • . 380 

.eneet ofotyteein and 

723,724 


Ec) throb laatoaii 
Erythrochromia . ., 
Eryihroeupitm. erj thtoc 
Erythrocytei . , 

- ^.■cerylneucaminie aci 

- adcnoaine triphotphale 


- blood grouping and 


- copper 

- coproporphynn 


274 iq 
.. 226 
137,138 
■ . 380 
432 
. 380 
228,227 
241 
. 241 
212,213 

381 

380.462 
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nrythrocyles (ren/*/), count (UBC).. 613,614,617 


- creatine 572 

- creatinine 572 

-* dihydroxyacctonc phosphate 605 

-'dimensions 613,614,617 

" diphosphoglyccric acid 605 

- dry substance 561 

surface density of electric charge 560 

- electrophoretic mobility 560 

- enzymes 585 

- - allotypy 634 

- crgothioncinc 573 

“ cthanolaminc 573 

- fatty acids 600,601 

- folic acid 479,610 

- fructose l,6*diphosphalc 605 

- fructose 6*phosphatc 605 

- galactose I'phosphatc 605 

- glucose 604 

- glucose 6-phosphatc 605 

- glucuronic acid 605 

- glutathione 573 

- glyccraldchydc 3*phosphatc 605 

“ Sb’CORcn 606 

- glycolipids 377 

- glycoproteins 606 

- mean haemoglobin concentration 576,615,617 

- mean haemoglobin content 615,617 

- haemoglobin iron 566 

- haemolysis. See Haemolysis 

“ haciic acid 607 

- lactic acid fermentation 388 

- lecithin 604 

- lifetime 616 

- lipids 600,601 

- lipid phosphorus 563 

- lysolccithin 604 

-magnesium 566 

- manganese 567 

- metabolism 616 

- S-mcthyllctrahydroptcroylglutamic acid . . 479 

- molybdenum 567 

- nitrogen 572 

- nonprotcin nitrogen 572 

- nucleotide pentose 605 

- octulose 1,8 diphosphate 605 

- osmotic resistance 616 


- pentose S-phosphaie 605 

- pH value 560 

- phosphatidcs 601, 604 

- phosphocnolpyruvic acid 605 

- phosphoglyccric acids 605 

“ phosphoric esters 563 

- phosphorus 563 

- plasmalogcns 604 

- polychromatic. Sec Reticulocytes 

-porphobilinogen 575 

- porphyrins 357, 358 

- potassium 564 

- precursors 612 

- proteins 579 

- protein nitrogen 572 

- protoporphyrin 455, 576 

- pterins 610 

- purine nucleoside phosphorjdasc 418 

-pyrophosphatase 416 

- pyruvic acid. 607 

- respiratory rate 387 

- riboflavin 471, 473, 609 

- sedimentation mechanism 559 

- sedimentation rate (ESR) 558,559 

- scdohcptulose 1,7 diphosphate 605 

- sicklc-ccll ^1*1 

- sedimentation 559 


- sodium 

- specific gravity . 

- specific heat 

- sphingomyelin 

- sugar phosphates 

- sulphur 

- in synovial fluid 

- in thalassacmias 

- thiamine 

- triglycerides 

- triosephosphate 

- urea. 

- uric acid 

- in urine • * • 

- uroporphyrin ....... 

- vital'granulatcd. See Reticulocytes 

- vitamin 

- vitamin Bji 

- volume 

- gain in pregnancy 


565 

557 

560 

604 

605 

563 

640 

446 

,. 470,609 

601 

605 

572 

577 

.. 661,677 
576 

609 

610 

554 sq.,613 
691 


1* ryihrocytcs, volume, mean (mean corpus- 


cular volume). 614,615,617 

- nomogram 556 

- tracer study 289 

- water 561 

- weight gain in pregnancy 690 

- zinc 567 

Erythrocyte count (RDQ 613,614,617 

Erythrocyte sedimentation rate (ESR). . 558, 559 

Erythrodontia 454 

Er^'thromycin, standard 761 

D-Erythropcntulosc. Sec o-Ribulosc 

Er}*ihropoicsis, riboflavin and 472 

Erythropoietin 740 

- reference preparation 763 

- riboflavin and 472 

D-Eryihrosc 310,313 

- 4'phosphatc 317 

in pentose phosphate cycle 421,422 

D-Er)’thrulosc 311 

L-Er)’ihrulose 313 

- 1-phosphatc 317 

Es (einsteinium) 248 

ESR (cr>‘throcytc sedimentation rate) . . 558, 559 
Essential amino acids, dietary requirements. 496 

- fatty acids. Sec under Fatty acids 

Esterases 405 

- allotypy 634 

- in bile 655 

- in cerebrospinal fluid 638 

- in vitamin A metabolism 457 

Ester hydrolases. See Esterases 

Estr-. See Ocstr- 

esu (electrostatic units) 215,216 

Ethanoic acid. See Acetic acid 

Ethanol, in blood 606 

- calorific value 509, 526 

- intoxication, scrum enzyme changes 586 

Eihanolaminc, in blood 573, 574 

- in cephalin synthesis 425 

- in cerebrospinal fluid 637 

- formation from serine 394 

- in leucocytes 573 

- in lipids 365 

- in phosphatidyl esters 375 

- in urine 668 

Ethinyl*. Sec Ethynyl- 
P*Ethylacrylyl-cocnz>'mc A in norlcucine 

degradation 396 

Ethyl alcohol, See Ethanol 

24-Ethyl '5a*cholcstanc in steroids 381 

17a*Ethyl-173*hydroxy-19-nonndrost-4*cn- 

3- onc 380 

17a-EthynyI-17P-hydroxy-19-norandrost- 

4- cn-3*onc 380 

17a-Ethynyl-173-hydrox>ocstr-5(10)-cn- 

3-onc 380 

Ethynyloestradiol 380 

- oestrogenic activity 755 


17a'Ethynylocstra-l,3,5(10)-tricnc-3,173- 
diol. Sec Ethynylocstradiol 
Etio*. See Actio- 
Eu. See Europium 


Euglobulolysis time 625 

Euler numbers 9 

Euler's constant 9 

Europium, flame lines 284 

- properties, isotopes, etc 240 

cV (electron volt) 213 

Evans' growth test 719 

Exchange transfusions, serum bilirubin as 

guide to 577 

Exoc)'tosis 731 

Exopcptidascs 405,408 sq. 

Exophthalmos-producing substance 718 

Expiratory flow rate, maximum (AfEFK) . . . 543 

nomograms 550 

values 551 


- reserve volume 

- volume, forced (FEV) 

determination 

Exponents 

Exponential equations 

- functions 

Extracellular fluid, total volume ...... 

- gain in pregnane^' 

Extrinsic system in blood coagulation . 


541,550 
... 543 
548,549 
... 132 
137,138 
. 16,17 
518,523 
... 690 
622,625 


F 

f (femto-, 10-“) 

F (farad).... 

F. See Fluorine 

'^F (degree Fahrenheit) 


9 

216 

209 


FA. See Folic acid 

Factor A (2-mcthyladcninccyanocobamidc) . 4S3 

Factor B (aciiocobalamin) 483 

Factor 111 (S-hydroxybcnzimidazoIyl- 

cpnocobamidc) 483 

Factors I-XIII (blood coagulation) 622 $q. 

Factorials 135,136 

- logarithms 26,27 

FAD. See Flavin adenine dinuclcotidc 

Faeces (/re a!to Steels) 657 sq. 

-electrolytes 525, 65S 

- fatty acids 371,660 

- glucose and galactose 452 

- porphyrins 358 

- porphyrin excess 455 

- plasma proteins 289,659 

- thyroxine 727 

- vitamin B, 475,660 

- water loss in 524,657 

Fahrenheit temperature scale 203,209 

Fanconi syndrome 452,453 

- in vitamin D deficiency 464 

FAO/WHO reference protein 516 

Farad 216 

Faraday constant 22S 

Farnesyl pyrophosphate in cholesterol 

synthesis 426, *127 

Fasting, blood, glucose 

growth hormone 219 

ketone bodies 

- gastric juice, acidity 

volume 

- ketone body excretion 

Fats (/ee also LipiJs and Triitjcirides) . 365, 374^sq. 

- absorption, transport, storage 374 

- contribution to BMR, 

- in whole body -J' 

- - gam m pregnancy 

- effect on blood coagulation 

- - effect on depot fat 'j' 

- - in foods S’- 

- - requirements 

- metabolism /ri 

-in milk 

- neutral. See Triglycerides 

fath (fathom) 

Fathom ^ 

Tatty acids 366 sg 

- activation 

- in bile 

-biosynthesis 420.4-4,4-^ 

- pentose phosphate cycle and 

-inMood. 600, 601. 603. 6W 

- breakdown ^425 

- in formation of 

- in cerebrospinal fluid 

- in erythrocytes ^^’402 

- essential 

dietary' requirements •** 

- in faeces 

493 S4 

- m foods 

- hydroxamic acids from 

- in formation of lecithin * 

- in milk .o* 


- iiyuiu.-utiuu iruni - 

- in formation of lecithin 

- in ^5 

- in spermatozoa 

- symbols 

- unsaiuraicd, oxidation, vitamin b 

Fatty' acid ester hydrolases 

Fatty acyl-cocnrymc A. See Acyl-cocnrymc A 
Fatty tissues. See under Tissues .,>2 

Favism, clucose-6.phosphate dchydrogenjijc ^ 

F-distribmion 40. 41. 163, K 

Fc. See Iron 

Feces. See Faeces i) 

femto- 5^4 

Fennel, composition 

Fermentation VX) 

- alcoholic. 

- lactic acid ' ' 

Fermium, properties and isotopes ^^2 

Fcrricytochromcs 

Fcrrihcmc chloride 

- hydroxide. Sec Hacmatin ^57 

*57 

Fcrrihcmoglobin 

- hydroxide 



A dctailcJ inijcx lo ihe 

"iiprotoporpbyiin SxcllicrTutin 
rotytochromcj . ... . 

iioVittne Set Ukstv 
iro hemochromogtn 
troprotoporphYtin See lUetti 
nihty tnj iperrratQXoa] proptttici 
lut See roetus 
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359 


Im{fetmiuin) ..... . .... ...248 

TMN Sec rbtin monORUclcMide 
roetalhaerMglobn Sccundecllaemoglobin 
roetu*.ACmieeteuon ?1« 


rnncium, propenie*, ijotopc*, e 
rranbfunef*. composiiion . , ... 

PRC See Tunciional fe*iduil capacity 


in pregnancy and post parnim ^51 

m lynorol fluid . 641 

m ihroinbocyie* 575 


I 

factor) 

Prog leg*, composition 

Pm See o-rnicaate 
0 Pnictofuranotidise See Sacchanse 
PnictoVinise See Ketohexokinase 
D rn]ctoie{rni) 


rK(frweikintte) See Kelobeaokmaie 
rUme ehotornetty line* 
n>tmi in aeminal vesical aecteiion 
riavm tdenint dmueleonde (FAD) 

- in blood 

- tnrymaiie eletvage 

- in iiboftavin of blood and organ* 
tlavin cniymaa. proiiheue group 
riivm mononueleoivde (FMN) 

- In blood 

• in tiboAavin of blood and etgan* 

- n Tinmin Sn lyntbou 
riivin nucleoiidci, in bielegieil 

exidaiieni 

- Rdoi peteniial 

flivin tibityl phetphiie See Fltvin m 
nucleoiide 
riavepreieini 

- m biological emdalioni 

It d( (fluid dnm, fluid dnehiii) 


riuoridair 


- o-oio|ic»i tni.ity 

»* riuoto lia.I 73 .dihydro»y-n 3 melhyl- 
andioti- 4 .«n-).onc 

5* FhiotobvJtoctinisone See 5j Ftuoro- 

5* Fluoio 14i hydronypredniwlone See 
Triamcinolone 
nuoromeibolotie 

♦* IluoioOx meihil 113 17x.dihTdro»T 
ptgna l,4H]«ne }:Osl«ne 
^ Fluoro-ISiX meiliTiprednisolone See 
Dtu 


5* Fluoro-ns.tia I7»jt letrthydro 
ptegn* 1 .*hJ.ct« J.rO-dicne See 

'a riuoto-ns 17.21 Iiibydroiy- 


- bioiyniheii* . 

- in blood 

- in whole body 

- art tercbfotpina] I 




D Ptuctose 1,6-diphosphite 

- in cacbohydraiB lynihesi* ar 

- eniymatic cleavage .. . 

- inemheocs'e* 


646 

-utunne 475.676 

PoIk Kid group 478 aq 

PotiAieKid Sees rottnytieitahydcofolie kmJ 
Follieie tipeoKig hotmone Set Follicle. 
lumultnng hoimone 

rellKle-Mimalaiing botmont 713.714 

- eeiifogeniand 7$7 

• rtleaungfKiot 7M 

PoHieulat hypetkeniotii 460 

Pooda. emnto «cid* $16 

• composnien 458 aq 

- efleet of cooking 45g 

-degrtdaiion j»aq 

- - hydrogen lona from $27 

• digeaiion 389,40Saq 

Poot.aeeondaiyott'liettiooetnitea 706, M8 
Poor (unit) 2W 

-of water 212 

Pool poundal 2|2,2U 

rot»et‘d<*et*c 450,4$! 


2M 


Potee - .. 

Poretd eipiraioty volume See under Cxpir* 
atory v^umc 

rotmaldchyde. Miive See S.IO-Mcihylcne. 

inrahydrofolic khI 
P ormaie. in biotogieal maieeal* 

- in blood 

- in coflee 

- in gl>eanc degradatioo 

- in iransfet of o»e-«*tboo group* 

- M aymhetif of punnea and methionine 

rmn^ Kid (are afm TVamr.) 
rorminnnoglwtanuc aeid, in i hittidine deg- 

- M ayntheaj* of purmea and meiliKifiine 479 

- m urine 670 

5 PonnminoRiiahydrofcilic acid. In i hitti- 
dine degradation 35 $ 

- in iraniicr of one carbon group* 436,437 

- in tyniheu* of rufinca end ■ncihiotiine 479 

A Formylgluiaituc laid an tymheni of 

punnet and anrihionine 475 

Fotmyik)nonnine Ml tryptophan degradation 359 
Poiniylninhionyl a RNA m bactenal protein 


■** m heart d'teise , . '* ’ ' 

in muscle diKju , , Sa* 

* " eneet of tnustulat work ** ‘ 

' - inpregnmeji , . 

- in ctrtbroapinal fluid , 

* Inrrulk . • • . . 

* "“ynovial fluid 

* 'n tiiiuea . . ' 

3 8'>«»l*hyde: 

See Pructoaedipho;. 

“ in urine ^'"’’mtation 

~ >ntatbt>hydraie*i’v'i[?hl''!'* • • . 

~ jn *ryihp9C)iei * ^r*>kdo\vn 

' Iruclote from ' • • - 

-inglv- - 




353 


S-Ponnyhetnhsdrdalic Kid 

- m tnnafer of one carbon group* 436,437 

- vs ayntheai* of pvnne* and iruthionine 479 

- ui aeium 479 

10 Foriiiylrettihydrofolic Kid, m a. hiaiidiite 

dcgTudaeion 355 

- in mosmK Kid formaliOA 435 

- in transfer ^ oeie carbcMi group* 436,437 

- in fynrhctia of ptuuiei arwl ivcihionine 479 

rormylrranvrefasc* 385 

rouifoU table fctt 109 aq .191. 195 

Pt (fiarKumi) 244 


RlynraSc4d^''!'*“ [“■'miion 
^'-RlWlysir 

Pructosuria ’ 

' iniyroairuema”' . 


r„ See n Pruciote 

eeurmHUKH, . 

ctl! ^ I^°“‘‘tr-*iimulaiin 


2 (i t lueopyranosidojlicioi 
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i.*I\icosc (fpjT///), in plasma 606 

- in plasma proteins 58i 

~ in saliva 645 

- in urine 675 

Tucosidolactosc 324» 423 

Fumarasc. See Fumnratc bydratasc 

Fumarate, in adenylic acid formation 436 

- from dcRradaiion of foodstuffs 402 

- in inosinic acid formation 435 

~ in phenylalanine degradation 398 

- in tricarboxylic acid cycle 390,391 

- in urea synthesis 443, 444 

Fumaratc hydratasc, in plasma 599 

- in tricarboxylic acid cycle 390,391 

Fumarylacctoacctase in pbcnylalaninc 

degradation 398 

Fumarylacctoacctic acid in phenylalanine 

degradation 398 

Functions, q’clomctric. 139 

- hyperbolic 140 

-trigonometric 138,139 

Functional residual capacity (FRC) 541, 542,550 

- in children nomograms 547 

fur (furlong) 200 

Fuian 308 

FuranC‘2,5*dicarboxylic acid in urine 674 

Furanoscs 308 sq. 

Furlong 2QQ 


G 


y (gamma, mictogramme) . . 204 

c (grade) 207 

g (gramme) 204,213 

G (giga-, 10') 9 

G. See d-GIucosc 
G. See Guanosine 
Ga. See Gallium 


GABA. See Y-AminO'^j'butyric acid 


Gadoleic acid 369 

Gadolinium, flame lines. 284 

- properties, isotopes, etc. 240 

gal (gallon) 203 

Gal. See D'Galactose 


Gal (galilco) 210 

Galactoccrebrosidcs 376 

Galactoflavin 472 

Galactokinase, in galactose diabetes 450 

- in lactic acid fcimentatjon 390 


4'-(P*D'Galactopyfanosido)-D-gluco- 


pyranosc. See Lactose 

Galactosaemia 450 

D'Galactosaminc (GalN) 314 

- in bile 655 

- in milk 689 

- 1 -phosphate 319 

- in scrum glycoproteins 606 

- in urine 673 

D-Galaciose (Gal) 310, 314 

- in bile 655 

- in blood 450 

- in blood glycoproteins 606 

- in faeces 452 

- formation from glucose 420 

- glucose formation from. 347 

- in lactic acid fermentation 390 

- in lipids 365 

- in urine • . • 450, 673 

Galactose diabetes 450 

a-D-Galactosc 1-phosphate 319 

- in erythrocytes 605 

- in lactic acid fermentation 390 

- in urine 450 


Galactosc-l-phospbate uridylyltransfcrasc in 

galactosaemia 450 

^-Galactosidasc 412 

- in alactasia 451 

- in lactose intolerance 451 

- in seminal plasma 684 

Galactosyl-AZ-acctylgalactosaminyl- 

in brain 377 

jroplasts 375 

323 

Galahcptulosc (D-pcrscuIose) 311 

210,211 

Gallbladder, volume of contcnls 653 

Gallbladder bile. See Bile 

Gaoli-Mainini test 71b 

Gallium, flame lines 

- properties, isotopes, etc 230 

Gall\um-68, diagnostic use 

Gallon 

GalN. See D-Gahetosamme 


Gamctogcncsis, gonadotropins in 714 

Gamma (unit) 204 

Gammaglobulins. See Y‘Globulin$ 

Gamma ray constant 221 

Gangliosidcs 365,377 

- accumulation 455 

- brain, components 377 

- in brain and spina) cord 520 

-formation 424 

GAPDH See Glyccraldchydcphosphatc 

dehydrogenase 

Garlic, composition 504 

Gases, blood. See under Blood 

- ideal, number density of molecules 228 

molar volume 22B 

- ionisation 285,286 

- standard temperature and pressure 541 

- volumes, reduction 259 sq. 

Gas-gangrene antitoxins, standards 760 

Gastric juice 647 sq. 

- acidity 648 

- effect of gastrin 739 

- amount 525, 647 

- cicctroij'tes 525,649 

- lipase 414, 650 

- proteolytic enzymes 407, 650 

- in stomach cancer. Sec Stomach cancer 

Gastric mucosa, enzyme activities 585 

Gastric ulcers, gastric acidity and 648 

Gastficsin 407 

- in gastric juice 

Gastrin 

- effect on gastric juice acidity 

Gastritis, gastric juice albumin in ... 
Gastrointestinal tract, enzymes and 

precursors 


Gd. See Gadolinium 
GDH. See Glycerophosphate dehydrogenase 
GDP. See Guanosine diphosphate 


Gene mutations 


Genotypes, blood-group 

Gcntamycin, reference preparation , 
Geodetic units of length 


Geometty 

Gcranyl pyrophosphate in cholesterol 


gjga-(10'> 

Gigantism, pituitar>’, and ossification . 


- scrum bilirubin in 

Gill 

G1 tract. Sec Gastrointestinal tract 
G1 (glucinium). See Derj-llium 

Glands, composition 

Glauber’s salt. Sec Sodium sulphate dcca- 

hydrate 

Glc. See n-Glucose 
GIcN. See D-GIucosamine 
GLDH. See Glutamate dehydrogenase 
Gin. See Glutamine 

Globosidc ...» 

Globulin, Bcsce-Joshs, structure 

- in urine 

- thyroxine-binding 

Globulins 

- alpha-. See a-GIobulins 

- beta-. See ^-Globulins 

- gamma-. See y-GIobuiins 

- myeloma, structure 

- osmotic activity 

- in pancreatic juice 

- in plasma and scrum - • 


a-Globulins, metabolism 579 

- in plasma and scrum 5S2 

Cfj'GIobulins in cerebrospinal fluid 637 

- in plasma and scrum 582,553 

- in semen. 6S4 

- in synovial fluid 641 

- in urine 665 

cta-GIobulins, allotypy 634 

- in cerebrospinal fluid 637 

- in plasma and scrum 582, 553 

- in pregnane)’ and post partum 691 

- in semen CS4 

- in synovial fluid 641 

- in urine 665 

(i-Globulins, in cerebrospinal fluid 63T 

- characteristics and function 5S0 

- metabolism 57? 

- in plasma and scrum 562, 555 

~ in pregnancy and post partum 691 

- in synovial fluid 641 

- in urine 6(S 

3:a‘G(obuIm. Sec yA-GIobuIin 
3iM-Globulin. See yM-GlobuIin 
Y'GIobulins, allotypy 634 

- amino-acid composition 5Sl 

- in blood 

- in cerebrospinal fluid 6^' 

- characteristics and function ............. 

- in gastric juice 650 

- in intestinal juice 6:6 


. 650 
. 739 
. 648 
. 650 

- in pregnancy and post partum 

ii'j 

.... 691 
53i 


641 


641 



665 

. 738 
. 739 
7,455 
. 367 
. 216 

Yta-GIobuIin. See yA-GIobulin 
YjM*GlobuUn. Sec yM-Globulin 
y.-Globulin. See yG-GIobuHn 
Ysi'Globulin. See yG-Globulin 
yA-Globulin. amino-acid composition 

... :S1 
5S3 



. ... 650 



. ... 659 



645 



'SO,5S3 



.. 5S1 



.. 665 






55! 



.. 551 



. 551 

755 

yG-GIobuhn, amino-acid composition . 

.... 5^1 

.. 633 




•7n‘> 


.. 65’ 



... 654 



. . , 654 



550.555 



??t 



... 665 

.427 


5?! 


55 ”1 



533 



5S1 



.. 551 



53' 



47!, 556 

707 

- nephritis, fluid deprivation test m . • • 

. . 5'^ 
73'' 

454 

•^77 

Glu. See L-Glutamatc and t-GIutamic ac 

■Ki 

-37, 75? 






*31 

«itO 

a-Glucan-branching plycosyltransfcra^c 

459,4=! 


a-t,4.GIucan. 4-pIu(:anohydroIJSC- 
Amylase 

... 





- in Jactic acid 

- binding of p\ricioNal phosphate 


581 

668 

726 

Glucinium. See Bet\ ilium 

D-Glucitol. See Sorbitol 
Glucoccrcbrosidcs, accumulation ... • • • 


329 





.. 'i' 

5Sl 

526 

Glucocotticostcroids. See Glucocotticc. i 

all 


Gluconecccne«iis 

- action of corticosteroids 
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aluconic acid 

5-phosphate ...*>• - 

0 Glucopftanose 

L Clucopj’nnote . • 

I>-Clucop>fanosido-3 D-fruciofunnosid« 
See Sucrose 

(i t>-OV'Kcp>t»t«»»lo) 3-t> jlucopyn- 

nose See Maltose 

.(3 i>Clucop)ranotido)-3 o-gluco- 

pynnose ... . 

•Glucosamine (GIcN) 

in bile 

in terebrospina) fluid 


Glucosephosphate isosnense, in gasinc |ui<e 
- m glucose 6-pboSphne fonssaaon fiom 
glyctfildehydc3 ph«ph*t® • ••• .<• • 


t-Cluamie acid (Glu) (ue aha L-CUUmali) ■ 
Glutamie acid 3-monoamidc See Clutamiif 
L Cluumic Y'semialdehyde, in L-omiihine 
degradation 


D-Ghtcose-^-pbosphate NAOP oedo- 
trduetase See Clucose-d-fibosphale 
dehydrogenase 

o-Clscote-g-ptioipbaee pbosphohydn^se 
See Chcose^-phosphause 
CIccosc.l .pboiphste andytrlnRsferaae in 
earbobydsast srvhesit arid breakdown ..441 
ClueoK gt enp t yj i iota se See Pbospho- 
glucoexasc 

aCIoeosidMe <12 

- in sdiop«^.e gowTslcacd glycogeocMit 4S0,4S1 

- so learecral townee . .. ,, 413 

- in vouftil f taif-a (84 

3 Glucosidaie .... ^ 412 

Glucosuna^meirirtf^eie ..... . 449 

o-Glucofceuc ac^ .. 323 423 


• in ttnotui fluid 

- L'DP glucuronic leiJ from 

- effect en urinary osmolarity and sp«ti6c 

•S- *” 

3 o-Cluiow I i diphoaphaie 
a 0-CliH<sK.|,4 diphosphaie a o-glucose 
t phoaphate phosphcntinifrraw Sea 
rhoipboi,lgcomuiase 
Clucost'galactoac mtlabtorplion 
Glucose 6 phosphitj' 

- inrarbohydnie im 

o-C^ueose 1 phosphate 
in esibohyurare s>nihesii and bi 

- forrnsiion, from amylopsr’*'' 

- - from glycogen 


- mblood. ... 

- in erythrocytes ... .. . 

- In faeces 

- formation from g'Deose .... 

- m gasine 

S'Chaeorenidasc ... ' ' * •* 



--mpreg^ *1^ 

-utgasmeWic* ... . 

- in seminal plasma ..... . 

- in synoaul fluid , M 

- in aaginat sceretiCMi . "''*2 

3 Clucuronides .. ^ 

3 ss-GVecotonsde ghaeatonohydrobse Sec * 

3 Clucuronijsse 

o-GlueuronolaetoM m iseocbie acid 
lynihesia , 

Clunutocin . -ym. 

CliafNHJ See Cluwmme ’ 

Clucaeen)|.eocfmme A me lysmedegniia. 


Cluathione reductase (CR), tn plasm 

- m seminal plasma ..... . , . 

- in syoonal fluid 

Cly ^ Glycine 

Clyccntdehyde, stertoisomeriim , . 


>0 9*ne>s« phosphate cycle 
'’'"’’■''^■■’ephoiphite del 
in glycolysis , 




- in blood proteins 

- cell consiituents from 

• in cysreinesulphinrc seiJ fortiuno 

- decarboaybiion 

- drgndsiiois 

- in folic Mid synihesia 


- glulaibiooc froin 

- in guanybe acid fotnuKon 

- in deioaication of halogrnobenaenei 

- in V hiMidine drRfadatioo 

- hydroeyproline from 

- inmlk 


‘ 

k'yeetiie ^"^Oiphospho- 

- ^-Wiphosph,,, 

<-phoiphjrj 

C, p phoiphai* 

C »«t.e li-eychc A!^Tt'^8'7cerjte 
Clyceride, St ‘'id . ... 

Slwidci,T„^,J^”ndes, Mono. 


W-Clyt*! 


- licroic from L'DP galacl 
LDP glucuronic icid ftc 
o-Cluccue 4 phosphaie 




JchyJe 3 | 


losphsn 


m glycotys.! 

m lactic sckl termcntaiion 
eaidaiKin 10 6 phoaphoglucona 
LDP g’ucuronie icid from 
ucoie 6-phoiphate dchydrogen. 


' in prnroso phosphate 


S**! Chromi 


ee dehydre^nase (GUlll),ecIl 
lamac acU degradation 


L Glutamate NADC^ OaslorcduCTase 
re dehydrogenase 


o&^KSv°'“SSi“‘ 

cleastge . '•*''*yn«iic 

Glycerol reichoicacidi'fo...’ " ... 
a Glycerophosphate (Jglyc~'l'7‘. • 

- in degradation of fats* ^ " Miosphs' 

- formation ftom glucose 

- in formation of leciihin and • 

' in iriglvcecide tymhtsn 

Clycerephotphate dehydrogenase rcDrIi 
■n glycerophoiphsie formatioa 


Clycetophotphaiides 
a Glycerophosphoric 

fiarfhit) , . 




AdeaileJ index to the »utisiic»l ublcj (pa|ej 28 -Ul) »nd t 


Index 

i|>ter oa StalittKal Meriiod* (r»ge> H4-196) will be found oi 


llcpit'n.uvbtoodcoaeo’atum . 

- ind hiemocthxgicdncheic* .. 
-xundatd,,, . .. 

- use ift ihioRibo-tRibolnin . 

^-llepann 

Hepirin loletantc ten . . • 
VlcpaticVek Sct&Je 


- lenim cnxyaie tbangci ,••• 

- dixnw See undu Lnet 

ltepa(iut,tnincnni\MandxrJ .. 

- bde cotnpMitKm . 


ILstimine, In leucocytes.. 

- in lymphocytes ... 

-inuliTs 

- m thrombocytes 


- degndstion ...... 

~ dieliry rc<]uirtments . 

' in foods .. . .. .. 

- rornxttiem 

- metsbolites, in urine 

- inmilic 


■jrftosul fluid 
Wipbosphsie 


Iliitidine imRMnii-lpse, in hisndinsemi: 
.. in t-histidine degrsdstion ... , 

KK See Hesokiiuse 

Ho Ihofmiuml . 

Hodcxin’s disease, leucocyte inobilicy , . 
1' 


Ve lUetnogVsbm 

• (ttythfoeyte mtin hiemojtobm 

Cdlscwt 

Dll Set a Mydtosybutynie dehydto. 

tniM 

•P See ilsetnoglobln, foctsi 
•S gene snj niltris 
-SCdiiesie 

O (fiumen thonoolegoniJottopin) Set 
>etionie gonadotropin 
)N (hifinelriie ditesae of ftevbom) SI 
(helium) 

tireumferenee, e( foecua 

• during gfowih ’ 

Mti, 8 icetylglucosamiruiae 
inlmsl.compotiilon ^ 

bUwd pteMura 
coninbuiion to BMR 

diKSse, MfUffl eiuyine changes 
failure, myogenic, scrum enryme change 
Infaraion See Cenliac infatcticfl 


'leighc changes during gio*^ 
[Ichum, propcnics, isotopes, etc 

llcttuim See llacmaiin 

Heme See llacm 
llemiacnals 
Itcmiccnuloae in ftcccs 
llcmuhnsme 
liem.gV't.ioliMu.'is 


f (eioettfol. eesirogenie aciiTliy 
tlexoieeesd See OproK eeid 
fteiaiiiuie (IIK). in glyeolysis 

- In Uni« ecU (cniKncsiion 

• ID tissues 

- formsiion tnd ttiiltation 

- m foods, break down 

- m Rasiftc |uKc 


s- Sec llaemo. 


lIcnJctanotcstiJ See bnJctTltc seal 
llcvotsiou-llcsseiastcii foemuU 

IV^no . . .. 


Ih 


Hm 


yyi ILs Sec x-Dntkline 


- Irv gaunc puce ., 

• efleer oil giserKfOicc euJiry . 

- and haern o crhagic diathesea 


- iiandardi and reference prepatatiofii ' 

- steroid See Coriieeeteroids and Sieroii 
hormones 


dlS 

ntbohydeate synthesis and breakdown 441 
- in glucose b-pho^haie formairart fcocn 
glycecsUchTde ) phoefAuic . . 422 

f [exosepboephace isocnenae SeeGlucoie. 
phosphate uoRicfsse 

tlmse l-phosphatc ueidylylirintretaae In 
lactic acid fcimentaiion . 3^ 

Ikioeyhnnsfcture 384 

111 Oudnium) 241 

II* See Memry 

IlClIfhcntangrowdihocmcme) SeeCeowtb 

Ibp, aecondary ossiScaiwn antica 704, 708 

Il^.paiK scld, fat focmaiioei ot glycine 

to«ivgs«s 445 

- in unnasy ■edimenta 477. 678 

- in urine 646 

"iragonie arid 


. 45S 


- - pil caluea, ... 
llydroconiscJne See ConiMcil 
Ilydrocyinie acid (irc u/« dcci 



Guanosinc (G.Guo) 339 

" in purine degradation 400 

Guanosinc deaminase 401 

- in purine degradation 400 

Guanosinc diphosphate (GDP) 343 

Guanosinc diphosphate cobinamidc in 

vitamin Bjj synthesis 484 

Guanosinc diphosphate L-fucosc .... * 347 

- in L*fucosc formation 423 

- milk oligosaccharides from 423 

Guanosine diphosphate 4-keto-6-dcox)*- 

L-galactosc in i.*fucosc formation 423 

Guanosinc diphosphate 4-keto-6-dcoxy- 

D-mannose in L-fucose formation 423 

Guanosinc diphosphate mannose 347 

- in L-fucose formation 423 

Guanosinc monophosphate (GMP) 343 

- formation 456 

- in purine degradation 400,401 

- in RNA 351 

Guanosine triphosphate (GTP) 343 

- in adenylic acid formation • • 43a 

- in ATP synthesis 404 

- in biood ^ 

- in protein synthesis 3a4 

- in tricarbox>dic acid c>’clc 

- in vitamin Bjj sj*nthcsis 

Guanylate deaminase 

- in purine degradation 

Guanylic acid. See Guanosine monophos- 

phalc , 

D-Gulohcptu!ose 

L-Gulonolactonc in ascorbic acid synth«is . 4S9 
x-Gulonolactone oxidase in ascorbic acid 

synthesis ‘if. 

f}] 

GDnther's disease 

Guo. See Guanosinc 
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p-Glyccrophosphoric acid 375 

a-Glyccrophosphorylcholinc 376 

- In semen 683 

Glyccrophosphorylcholinc dicsterasc 417 

a-Glyccrophosphor^dcthanoIaminc 376 

Glycine (Gly) 331 

- in bile 654 sq. 

- in blood 449, 574 

- bufTcrs 280 sq. 

- cell constituents from 434 

- coniugation, with bile acids 438 

- - in detoxication 444,445 

- creatine from arginine, methionine and . . 437 

- degradation 397, 402 

- to oxalic acid 397, 449 

- in foods 516 

- formation 432 

- in glutathione formation 438 

- haem synthesis i^rom 454 

- in inosinic acid formation 433 

- in milk 688 

- In porphyrin formation 437 

- In saliva 645 

- In scrum proteins 581 

- in sweat 680 

- in L-thrconinc degradation 397 

- in transamination reactions 394 

- in urine 449, 667 

Glycinuria 452 

Glycocyamine. See Guanidinoacctic acid 
Glycogen 327 

- in carbohydrate synthesis and breakdown. 441 

- degradation 411 

- cficct of catecholamines 733 

- cfTcct of glucagon 738 

“ deposition and utilization, inborn 

errors 450,451 

- in erythrocytes 606 

- formation from glucose 420 

- in granulocytes 606 

- in lactic acid fermentation 390 

- in semen 684 

- in tissues 522 

Glycogenolysis. See Glycogen degradation 
Glycogenosis, idiopathic generalized. . , 450, 451 
Glycogen phosphorylase. See a-Glucan 

phosphorylasc 

Glycogen storage disease 415 

- erythrocyte glycogen in 606 

- glucagon in 738 

Glycogen synthetase. See UDPglucose- 

glycogcn glycosyltransfcrase 

Glycoglyccridcs 365,375 

Glycolaldchydc, active, in pentose phosphate 

cycle 421,422 

Glycolaldchydctransfcrasc. See Transkctolasc 
Glycol dehydrogenase, vitamin Bx, in. , 485 

Glycolic acid in urine 674 

Glycolipids 377 

A^-Glycolylncuraminic acid 316 

Glycolysis 387 sq. 

Glycopcptidcs in urine 668 

Glycoproteins 327, 329 

- in bile 655 

- in blood 606 

- formation 347,348,350,424 

- in urine 668 

Cfj-Glycoprotcin, acid, characteristics and 

function 580 

- in bile 655 

- composition 581 

- in plasma 580 

- in saliva 645 

Glycosidascs 309, 386, 405, 411 sq. 

Glycosides 508, 309 

Glycoside hydrolases 309, 386, 405, 41 1 sq. 

Glycosphingolipids 577 

Glycosuria. Sec Glucosuria 

Glycosyltransfcrascs 386,411 sq. 

Glycosyltransfcrase, a-glucan-branching, 

deficiency 450,451 

Glycyl-glycinc dipeptidase 

Glycj'l-lcucine dipeptidase . . . .^ 410 

Glyoxalasc in glycine degradation • 597 

Glyoxalatc. See Glyoxylatc 

Glyoxylatc, in glycine degradation 397 

- in L-hydroxyproline degradation 395 

- in plasma 

- in purine degradation 

- in transamination reactions 

Gm scrum groups 

GMP. Sec Guanosine monophosphate 


394 
634 

513 

Goat meat, composition 

GoaPs milk, composition 


Goitre 727 

- cretinism and.. 449 

- diagnosis 289 

Gold, In blood 567 

- freezing point 209 

- properties, isotopes, etc. 242 

Gold-198, characteristics 293 

- decay table 305 

- gamma ray constant 221 

- therapeutic use f. . . . . 290 

Gold-199, characteristics 293 

‘Golden section* 133 

Gonads, cholesterol synthesis 426 

- steroid hormones 428 sq. 

Gonadotropins, of anterior pituitary ... 713, 714 

- chorionic. See Chorionic gonadotropin 

- reference preparations 713,763 

- releasing factors (GRF) 714 

- standards 763 

Gonadotropin-inhibiting factor in urine. . . . 714 

Gonanc 381 

Gooseberries, composition 500 

Goose flesh, composition 513 

GOT (giutamatc-oxalacctatc transferase). 

See Aspartate aminotransferase 
Gout 453 

- scrum uric acid 577 

- synovial fluid uric acid 641 

G-6-FDH. See GIucosc-6-phosphatc 

dehydrogenase 

GPT (glutamate-pyruvate transaminase). See 
Alanine aminotransferase 

gr (grain) 204 

GR. See Glutathione reductase 

Grade 138,207,208 

Grain 205 

Grain-force 211 

Gram. See Gramme 

Gramicidins, reference preparations 762 

Gramme. 204 

- as energy unit 213 

Gramme-force 211 

Granuloblasts in bone marrow 621 

Granulocytes, blood count 618,619 

- electrophoretic mobility 560 

- enzyme activities 585 

- glycogen 606 

-half-life 618 

Granulopoiesis in bone marrow 621 

Grapes, composition 500 

Grapefruit, composition 500 

Grape |uice, composition 500 

Grape sugar. See d-GIucosc 

Graves’ disease 718 

Gravitational constant 201, 228 

Gravity, acceleration due to 211,230 

Greek alphabet 9 

Gregorian year 206 

grf (grain-force) 211 

GRF (gonadotropin-releasing faaors) 714 

GRF (growth-hormone releasing factor) . . . 725 

Grottiius-Draper law 218 

Growth, body composition and 517 

- growth hormone and 720 

- intrauterine 691, 692 

- normal measurements during 693 sq. 

- thyroxine deficiency ond 727 

Growth hormone 719, 720 

- releasing factor (GRF) 725 

- standard and reference preparation 762 

Gs (gauss) 216 

GSH. See Glutathione 

GSSG. See Glutathione 

GTP. See Guanosinc triphosphate 

Guanase. Sec Guanine deaminase 

Guanidine, in blood 573 

- in urine 666 

Guanidinoacctic acid 335 

- in blood 573 

- in creatine formation 437 

- in urine 666 

Guanine 538 

- enzymatic deamination 419 

« degradation ..... * * 401 

- in DNA synthesis 552 

- in protein synthesis 553 

- in purine degradation 400 

- in RNA synthesis 552 

- in urine ^ 

Guanine aminohydrolasc. See Guanine 

deaminase 

Guanine deaminase giq 

-in plasma 

- in punne degradation 


. 391 
. 4S4 
401 

400 


H 

h (hecto, 

h (hour) ‘ , 



H. See Hydrogen 

ha (hectare) 5 j J 

Haddock, composition • 

Idacm ^ 

iij mil 

- in faeces 

Hacmatocrit (Ht) ^^^’^ 569 

- blood acid-base balance and 

- blood viscosity and • * * * ^^4 

- body--. 

- - gam m pregnancy ^15 

- mean corpuscuhr volume from 

- renal blood flow and 

- venous, gain in pregnane^* g... 

Haematoidin in urinary* sediments . • ■ 

Hacmatoporphyrin 

Hacmiglobin. See ^fcthacr^ogIobi^ 

Hacmiglobincyanidc reference ptcpaotion. . 

Hacmin ^ * ’ * 599 

Hacmoblastosis, scrum adenosine dcaminJ' 
Hacmochromcs 

* * ' “ tjfsq. 

Haemodynamics, renal U'’ 

H.entog.obja(Hb) 5 ;^ 

and hacmatocrit 

- gain in pregnane}’. 577 

- and pH of body fluids 352 

- brcakdovTi 

- c}-amdc, haemoglobin dctcmiinatton as .♦ 

- cmbr}*onic * 576 

- in 

- foetal 

- persistence 

- haptoglobin binding 

- iron content 

- mean corpuscular 

and hacmatocrit _ $'0 

- oxygen binding ^ 

- in plasma 

- 

- in urine * ‘ ' 446 

Hacmogiobinop-ithics . . . . - ^ 62' 

Haemogram, Sckillin'C s. V' ... 61^ 

Haemolysis, crythroca'tc thickness ..ni • 5-3 

- glutathione stability and ’ ' 
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HydroRcn-l atom, Bonn ndius 228 

- mass 229 

- RYDpr.RG constant and frequency 229 

IIvdrogcn-3, characteristics 234,292 

I lydroncn electrode, redox potential 403 
Hydrogen-ion concentration, definition .... 278 
Hydrogen peroxide in glycine degradation . 397 

Hydrolases 386 

I lydro-Ij'ascs 386 

Hydrosphere, composition 234 sq. 

Hyciroxamic acids from fatty acids 414 

I lytifoxocobalamtn 482, 483 

3-Hydroxyacyl-CoA dehydrogenase in 

degradation of fats 392 

p-Hydroxyacyl-cocnzymc A in degradation 

of fats 392 

U-Mydroxyactiocholanolonc in urine . . 746,749 
3a«Hydroxy-5a-androstan-l7-onc. Sec 
Androstcronc 

3a*Hydroxy-53*androstan-l7-onc. Sec 
Actiocholanolonc 

30-Hydroxy-5a-androstan-l7-onc. Sec 
Epiandrostcrone 

3[i-Hydroxy-5P-androstan-17-onc. Sec 
3p-Actiocholanolone 
llp-Hydrox}’-A^-androstcnc-3,t7-dione, 
biosynthesis 428, 429 

- brcakdoWTi 746 

19-Hydroxy-A*-androstcnC'3,17-dionc, 

biosynthesis 428, 429 

- in oestrogen synthesis 431 

3(i-Hydroxyandrost-5-cn-17-onc. See 

Dchydroepiandrostcronc 

17a-Hydroxyandrost-4-cn-3-onc 380 

170-Hydroxyandrost-4-cn'3-onc. See 
Testosterone 

11-Hydroxyandrostcronc in urine 746,749 

3-Hydtox>’anthranilic acid, in tryptophan 
metabolism 398,399,475 


668 

S-Hydroxybcnzimidazolylcyanocobamide . . . 483 

w-Hydroxybcnxoic acid in urine 675 

(i-Hydtoxybutyratc, in blood 608 

- in cerebrospinal fluid 639 

- conversion factor into acetone 251 

- in degradation of fats 393 

- in urine 674 

a-Hydroxybutyrate dehydrogenase (HBDH), 

in plasma 591 

- in pregnancy 586 

3-Hydroxybutyratc dehydrogenase in 

degradation of fats 393 

(3-Hydroxy-Y-butyrobctainc. See Ornitinc 

3- Hydroxy-0-carotcnc 458 

25-HydroxychoIccalcifcrol 461, 809 

Hydroxycorticostcroids. Sec under 

Corticosteroids 

17a-Hydroxycorticostcronc. See Cortisol 
18-Hydroxyconico5tcronc, secretion rates . . 

2a-Hydtoxycortisol 

60-Hydroxycortisol, breakdown 

- in urine 

16-Hydroxydchydrocpiandrostcronc m 

urine 746, 

17a-Hydroxydcoxycotticosteronc, 

biosynthesis 428, 

18-Hydroxydcoxycorticostcronc, 

biosynthesis 428, 

4- Hydfox)'dihydfoptcridinc in phenylalanine- 

tyrosine conversion 

25-Hydroxycrgocalcifcrol 

Hydrox>'estr-. See Hydroxj’ocstr- 

a-Hydfox>*cthyl-2-thjamjne diphosphate 

p-Hydroxycthyltiimcthylammonium 
hydroxide. See Choline^ 
y-Hydroxyglutamic acid in L-hydroxy- 

proline degradation 

a-Hydroxyglutaric acid in glycine 

degradation ; • • 

Y'Hydroxyglutaric acid in t,-hydrox7proline 

degradation • 

2-Hydfoxyhcxadccanoic acid 

w-Hydroxyhippuric acid in urine 

5- HydfoxyindoIcacctaldehydc from 

5-hydroxytryptaminc 

5-HydfOxyindoIcacctic acid, from 

5-hydroxytryptaminc 

- in urine 

Hydroxylndolc 0-mcthyItnnsfcrasc in 

melatonin formation 

P-Hydroxyisobutyric acid in valine 

degradation 

(3-HydroxyisobutyryI-cocn2)’mc A m valine 
degradation ■ 


743 

428 

746 

747 

747 

429 

429 

439 

809 

469 


395 

397 

395 
372 
666 

441 

441 

669 

730 

396 
396 


8-IIydroxykynurcnic acid in tryptophan 

degradation 398,399 

3-Hydroxykynurcninc, in tryptophan 
degradation 398, 399, 475 

- in urine 669 

Hydroxylases 385 

5- Hydroxylysinc 331 

6- HydroxymcIatonm 730 

Hydroxymcthyicytidylic acid synthesis 479 

Hydroxymcthylglutaryl-cocnzymc A, in 

cholesterol synthesis 426, 427 

- in leucine degradation 395 

Hydroxymcthyltctrahydrofolic acid, in 

glycine degradation 397 

- in glycine formation 432 

- in transfer of onc-carbon groups .... 436, 437 

1 lydroxymcthyltransfcrases 385 

oc-Hydroxymuconic scmialdchydc in trypto- 
phan degradation 399 

ot-Hydroxymyristic acid 372 

Hydfoxyncrvonc. 372,377 

2-Hydfoxi'ncrvonic acid 372,377 

2- Hydroxyoctadccanoic acid 372 

r/r-12-Hydroxy-A®*octadcccnoic acid 372 

150-HydroxyocstradioM70 in urine 756 

3- Hydroxyocstra-l,3,5(t0),6,8-pcntcn-17- 
onc. See Equilcnin 

3-Hydroxyocstra-l,3,5(10),7-tctracn-17-onc . 380 
3-Hydroxyocstra-l,3,5(10)-tficn*17-onc. Sec 
Ocstrone 

2-Hydroxyocstronc, biosynthesis and 

metabolism 431 

6a-Hydroxyocstronc, biosynthesis and 

metabolism 431 

60-Hydroxyocstronc, biosynthesis and 

metabolism 431 

llp-Hydroxyocstronc from oestronc 431 

15a-Hydroxyoestronc in mrinc 756 

l5(5-Hydroxyocstronc in urine 756 

l6a-Hydroxyocstronc, biosynthesis and 
metabolism 431 

- in urine 756 

- in pregnancy 

16p-Hydroxyoestrone, biosynthesis and 

metabolism 

- in urine 

18-Hydroxyocstronc, biosynthesis and 

metabolism 

- in pregnancy urine 

a-Hydroxypalmitic acid 

/>-Hydrox>'phcnylacctic acid in urine 

j&-Hydrox}'pfacnyipyruvic acid in phenyl- 
alanine degradation 

3a-Hydroxy-5a-prcgnan-20-onc 

3a-Hydroxy-53-prcgnan«20-onc. See 
Prcgnancjlonc 

17a-Hydroxyprcgn-4-cnc-3,20-d!onc. See 
17a-Hydroxyprogcstcronc 
21 -Hydrox)'prcgn-4-cnc-3,20-dionc. Sec 
1 1 -Deoxycorticosterone 
21-Hydrox>'prcgn-4-cnc-3,ll,20-trionc. See 
Dchydrocorticostcronc 

l6-Hydrox>'pregncnolonc in urine 

21-Hydcox)’prcgncnolonc. See Il-Dcoxy- 
cocticostcronc 

3P-Hydroxyprcgn-5-cn-20-onc. See 
Pregnenolone 

20-Hydroxyprcgncnoncs 380, 

- in plasma 

l7a-Hydrox>*progcstcronc 380, 

- biosynthesis 428, 

- breakdown 

- in plasma 

20- Hydroxj'progcstcroncs. See 20-H5*dfoxy’- 
prcgnenoncs 

HydroxyproHnacmia 

L-Hydtoxyprolinc (Hyp) 

- in blood • 449, 

- degradation 394, 395, 

- formation 

ascorbic acid in 

- in proteins 

- in urine 449, 666 

p.arathyrojd hormone and 

6-nydroxypurinc. See Hypoxanthtnc 
Y'HydroxypyrfoIidinc-a-carboxy!ic acid. See 

Hydroxyprolinc 

3-Hydroxypyrrolinc-5-catboxylatc reductase 

in h)'drox>*proHn.acmia 

Hydroxypytuvatc, in serine formation 

- in tr3n5.iminaiion reactions 

a-IIydroxy'Stcaric acid • • 

A*“33'Hydroxystcrotds, structure and assay. 

21- Hydroxystcroids, deficient synthesis 


757 

431 

756 

431 

432 
372 
675 

398 

379 


747 


753 

754 

753 
429 
746 

754 


449 

331 

574 

402 

432 

490 

420 

667 

728 


449 

432 

394 

372 

744 

456 


33-Hydroxystcroid dehydrogenase 

dcficicnc)’ 456 

2-Hydroxytctracosanoic acid. See Cercbronic 
acid 

2-Hydroxy-A*^'tctracoscnoic acid 372,377 

2-Hydroxyictradccanoic acid 572 

1 8-Hydroxytctrahydrocorticostcronc in 
urine 450 

4- Hydroxytctfahydroptcridinc m phcnyl- 

aianine-tyrosinc conversion 439 

2-Hydroxytricosanoic acid 372 

5- Hydroxytryptaminc, See Serotonin 
5-Hydroxytrypiophan, dccarbox}’lation .... 394 

- formation, dchydroascorbic add and .... 490 

- in 5-hydroxytryptaminc formation 441 

- in tryptophan metabolism 475 

S-Hydroxytyraminc. See 3,4-Dihydrox)’- 

phcnylcthylaminc 

p-Hydroxyvaleryl-cocnxyme A in noricudne 

degradation 

Hygromyem B, standard 762 

Hyl (S-hydroxylysinc) 251 

Hyp. See L“Hydrox>’prolinc 
Hypcraldostcronism, aldosterone secretion . . 745 

- sweat sodium and chloride in 

Hypcrammonacmia 

Hyperbilirubinaemia 454,455 

- posthcpatic, serum bilirubin 577 

Hj’pcrbolic functions HO 

Hypercalcacmia, idiopathic, of infanq' 464 

Hypcrcalcinuria 453 

Hypcrchloraemia 43a 

Hypcrcholcstcrolacmia 436 

Hyperchromia 

Hypergeometric distribution 77, 109 sq., 1S9 sq- 

Hj'pcrglobulinaemia, scrum viscosity 55S 

Hypcrglycinaemia 

Hyperkeratosis, follicular 

H>’perlipacmia 

- essential familial 

Hj'pcrparathyroidism ' 

Hypcrprolinaemta 44^ 

Hypersomatotropism ; 

Hjpertensin..... 7^-^ 

Hj-penension ^,5 

- essential, fluid deprivation test 

- urinars- concentration 

Hype^yroidism 287,283. t27 

- radiotherapy 

- serum protein-bound iodine * • ^ 

H>-pcruricacmia. See Gout 
Hj’pcrventilation, effect on blood acid-base 

balance 

Hypochromia. 

Hypo-Y*globulinaemia 

Hypoglycacmia, 





Hypoprothrombinacmia 

- vitamin K and ' 

Hypotaurtne in taurine formation 

Hypothalamus, rcgubition of ACTH 

secretion by 

- effect on growth hormone secretion • 

- oxytocin and ^‘asop^cssin formation . 7-- 

- pituitary-regulating factors 

- effect on prolactin secretion 

- releasing and inhibiting factors 

Hypothyroidism 

- and ossification 

- scrum protein-bound iodine 
IlypOYCntil.ation, effect on blood acid-ba*c 

balance ’ 

Hypoxanthinc * j jo 

- enzymatic oxidation ’ ^-7 

- in phsm-i Jji 

- m punne degradation 

- in urine • • • * ‘.V " 

Hypoxanthinc oxidase. See Xanthine OM ^ ^ 

Hz (hertz, cycle per second) 


569 

615 

449 

451 

452 
415 
449 
46S 
45 ? 

717 

72 ''' 

725 

723 


... 542 


I 


I. Sec Inosinc 
I. See Iodine 

IC (inspiratory capacity) . . • - 

ICAO stand.ird atmosphere 

ICDH. See Isocitratc dehydrogenase 
ICSH (interstitiil cell-'tiinut.iting - 

See Luteinizing hormone 

Ictcrogcnic hepatitis bile comp''>v.tic'n 

Ideal gases. See under Gases 
- solutions * 


2 . 


f,'5 
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aloneprepiunie leid in i-histidin< 
idsiion 

tielylprnivieield See Imidiaole* 


threonine degndation 
lipepiidate 

3 repionic acij, m l ejtieine 

■lion 

’nnc degtidation 
tnglobulint, (hiraetentlici and 


nologicil eompeience, thymus 


- gljeeiides . 

- grovth botmone 


- - pH »ah« . . . 

- - aeidpbotphatate 

- - alkatmephosphauie 

- - fnnrgantc photpbonia 


- blood ptesauR 

- BMR 

- body aoifaee areas 

- bone competitioA 

- bone marrow relit 

- breatl tnilh imaVe 

- rateeholamitieeicteiien 

- eetebrospinalRuxl.Ieueocyie eouni 

- conieottctord teeteuoit 

- beaiycleeuoiyiet 

- cryihroblattoait 

- erythtoT) let, count 

- • mean haemoglobin 

• ftreet, eotnpotKion and piopeRiet 

- (twntial fatty tod defieieney 

• essential 6iiy acid Rquiremenc 

- folic tod requiieiitmt 

- pstrie lulee teeirtinn 

- ceimpotition of haic end naila 

- idiopathic hrpetealcaemu 

- iodide tneea^lism 

- iodine requirements 


- vitamin A deficiency . 

- Titatmn A prophylaxis. . . 

- Ticamin B, deficiency 

- vitamin B, requirement . .. . 

- vitamin D poisoning . . ... . 

- vitamin E deficiency 

- Tiamin E requirement .. ... 

-body water 

Infarction See Cardiac infarction 
Infiammation, action of corticosteroids 

- Y'Slohulin in CSF 

Influenza virus haeraaggluimin, teferenc 


Ino See Inosine 
Inosine (1, Ino) . 

- in purine degradation 
Inosine diphosphate (IDP) i/i 


- in purme degradation .. .. 400.401 

- xanthylic acid from . , .... 43d 

Inosine S'-phosphafe See Inoiine mono- 
phosphate 

Inosine triphosphate (ITP), in blood . . . ST7 

- in etrbohydfite synthesis and breakdown 441 
loesinie acid See Inesme monophosphate 


Inositol, in eetebforpinal fluid 

- in lipids . . 

- in milk , 


Inositol phosphatidei . , 

JBwifsteiry npaeiry , 

- flow rate, maximum (MIFRJ 


- nermal measuirments 

- mineral requirements 

• compws'tiuil of muscle 

- tucoiiOK ecid tcquireiricAi 

- csuriitional eequirvments 

- organs, composition 
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Involution 132 

Iodide. See Iodine 

Iodine, absorption and utilization 440 

- atomic weight multiples 250 

- in cerebrospinal fluid 636 

- dietary rcquitcmcnis 494,497 

- in faeces 658 

- in milk 688 

- in plasma 564,726 

- ~ butanol-cxtractablc 564 

- - protein-bound 564 

- properties, isotopes, etc 239 

- renal clearance 726 

- in saliva 644 

- decinormal solutions 277 

- in sweat 679 

- in thyroid gland 725 

- in thyroid hormone formation 440 

- uptake by organs 726 

- in urine 663 

Iodinc-125, characteristics 293 

- decay table 303 

- diagnostic use 289 

Iodlnc-130, characteristics 293 

~ gamma ray constant 221 

Iodinc-131, specific activity 217 

- characteristics 293 

- decay table 303 

- diagnostic use 287 sq. 

- gamma ray constant 221 

- in thyroid function tests 287 sq. 

- in thyroid scintigraphy 288, 289 

Iodinc-132, characteristics 293 

- decay table. 304 

lodintum ions in thyroid hormone formation 440 

i,Jodogorgoicacid.Scci.-3,5-Di-iodotyrosinc 
o-lodohippuric acid in kidney radiography. . 289 

lodopsin 457 

Ion, definition 270 

Ion dose from radionuclides 219 

Ionic concentration 227 

Ionium (*^®Th), properties 246 

Ionization of gases 285, 286 

lPTS-68 (International Practical Temperature 

Scale) 209 

Ir. See Iridium 

Iridium, properties, isotopes, etc 242 

Iridium-192, characteristics ............... 293 

-decay table 305 

- gamma ray constant 221 

- Sierapcutic use 290 

Iron, atomic weight multiples 250 

- in bile 654 

- in blood 566 

- in whole body 517 

- in bones and teeth 521 

- in cerebrospinal fluid 636 

- dietary requirements 494, 496 

- in faeces 658 

- flame lines 284 

- in foods 499 sq. 

- in hair and nails 520 

- metabolism, tracer study 289 

- in milk 688 

- in organs 519 

- properties, isotopes, etc 236 

- in skin 520 

- in sweat 660 

- in synovial fluid 641 

- in urine 664 

Iron-54, gamma ray constant 221 

Iron-55, characteristics 292 

Iron-59, characteristics 292 

- decay table. 296,297 

- diagnostic use 289 

Iron porphyrins 359 sq. 

~ in biological oxidations 402, 403 

~ degradation 

Irradiancc. 222 

Irrational numbers * 132 

IRV (inspiratory reserve volume) 541 

Isoalloxazinc 336 

Isoandrostcrone. See Epiandrostcronc 

Isobutyric acid 371 

Isobutyryl-coenzymc A in valine degradation 3^6 
Isocaproic acid, in synthesis of adrenal 

steroids and androgens 428, 429 

- in cholesterol breakdown 401 

- degradation .'•**. * *4AA AAi 

Isocitratc in tricarboxylic acid cycle ... 390,391 
Isocitratc dehydrogenase (ICDH), 

cell binding ; 

- in cerebrospinal fluid 

- in gastric juice 


Isocitratc dehydrogenase (ICDH), isozymes . 584 

- in plasma * 591 

- in pregnancy 586 

- in seminal plasma 684 

- in synovial fluid 641 

- in tissues 585 

- in tricarboxylic acid cycle 390, 391 

MrM-Di-lsocittatctNADP oxidoreductasc. 

See Isocitratc dehydrogenase 

Iso-(0-)crotonic acid 368 

Isodulcitol 313 

Isoenzymes. See Isozj’mcs 

L-Isolcucinc (lie) 332 

-in blood 449.574 

- in blood proteins 581 

- in cerebrospinal fluid 449 

- degradation 395, 396, 402 

- dietary requirements 496 

- in foods 516 

- in milk 688 

- in saliva 645 

- in urine 667 

Isomaliase. See Oligo-l,6-glucosidase 451 

Isomaltose, hydrolysis 412 

Isomerascs 386 

- in vitamin A metabolism 457 

f//-/rtf«/-Tsomcrascs. SccCis-trans isomerascs 

Isomeric nuclides 217 

ch-^trant Isomerism. See Gs-trans isomerism 

Isomyristic acid 371 

Isopcntcnyl pyrophosphate, in cholesterol 

synthesis 426, 427 

- in vitamin A synthesis 457 

Isosthenuria 534 

Isotocin 724 

Isotonic solutions 526 

- calculation 271 

Isotopes. Sec Nuclides and Radionuclides 

Isovaleric acid 371 

Isovaleryl-coenzyme A in leucine degrada- 
tion 395 

Isozymes 584 

- tissue-specific, in diagnosis 586 

ITP. See Inosinc triphosphate 


J 

J (joule) 212,213,216 

Jaff 6 reaction 572 

Jaundice {see aho Kermeterut), ..... 362, 576, 577 

- haemolytic, erythrocyte osmotic resistance 616 

- - of newborn 577 

- idiopathic, chronic 454 

- nonbacmolytic, congenital 454 

- obstructive, scrum enzyme changes 587 

scrum glucoscphosphatc isomcrase .... 600 

scrum kctosc-l-phosphatc aldolase .... 599 

- scrum 5'-nucIcotidasc 597 

- simple, of infants 576, 577 

Jensen’s sarcoma, lactic acid fermentation. . 388 

- respiratory rate 387 

Joule 212,213,216,222 

Julian year 206 


k (kilo-. 10’) 9 

K(kclvm) 208,209.213 

K. See Potassium 

Kale, composition 504 

Kallidins 742 

Kalliktcin 742 

Kallikrcinogcn 742 

Kanamycins, reference preparations 761 

Karmen-Wroblewski enzyme units 584 

Kell blood-group system. 631 

- clinical significance 633 

Kelvin 203,209 

- as energy unit 213 

Kelvts temperature scale 208, 209 

Kcrasin 377 

- lignoccric acid in 367 

Kcratan sulphate 328 

Kcratosulphatc 328 

Kcmicterus 362, 454, 577 

- irlucosc-fi-phosphatc dehydrogenase 592 

Ketals ,v 308 

Ketchup, composition 506 

Keto acids in urine 449 

3-Kctoacid-CoA transferase in degradation 

of fats 393 

Keto acid-Iyascs * 386 


3-Kctoacj’l-CoA thiolasc in degradation of 

fats .392 

p-Kctoacyl-cocnzyroc A in degradation of 

fats 392 

a-Kctoadipic acid, in L-lysinc degradation . . 39S 

- in tryptophan degradation 399 

11-Kctoactiocholanolonc in urine 746,749 

a-Kcto-e-arainocaproic acid in L-lysinc 

degradation 398 

a-Kcto-S-aminovalcric acid in D-omithinc 

and D-prolinc degradation 395 

Y-Kct:o-^-aminov.iIcric acid. Sec 5-Amino- 
hevulinic acid 

ll-Kctoandrostcronc in urine 746 

2-Kcto-D-arabohcxose. Sec n-Fructosc 
a-Kctobutyric acid, in homoscrinc degrada- 
tion 397 

- in L-thrconinc degradation 397 

a-Ketocaproic acid in norlcucinc degradation 396 

16- Ketocstradiol. See 16-Kcto-ocstradioI 

17- Kctogcnic steroids. See under Cortico- 
steroids 

a-Kctoglutaratc, reductive amination 432 

- in ATP synthesis 404 

- in blood 607 

- in cerebrospinal fluid 639 

- in cystcincsulphinic add formation 43S 

- from degradation of foods 402 

- in glutamic add degradation 393,394 

- in glutamic acid formation 432 

- in glycine degradation 39« 

- in L-hydtoxj'proIine degradation 

- in L-omithinc degradation 395 

- in transamination reactions 394,39.*' 

- in tricarboxjdic acid cj’clc 390,391 

- in urea synthesis 444 

- in urine 6/4 

a-Kctoglutaric semialdehyde in glycine 

degradation 39/ 

a-Kcto-Y-guanidinovaleric add m transami- 
nation reactions 


394 


2-Kcto-L-guJonic add . 


4S9 


aw..* . . .^ 

“ in ascorbic add synthesis 

Ketohexokinase, in fructosuria 4^0 

- in lactic add fermentation 3>v 

- in plasma ^ 

a-Kctoisocaproic acid, in blood 

- in leucine degradation * • 3'^ 

- in maple syrup urine disease. 

a-Kctoisovaleric acid, in blood ^ ' 

- in maple s>*rup urine disease 

- pantothenic add from jL 

- in valine degradation ^ 

a-Keto-0-mcthyIvaIcric add, in bfood ..... 

- in isoleucinc degradation 

- in maple sjTup urine disease 

KctonE250 

Ketone bodies, conversion factors into 



- accumulation in tissues 

- in urine 

a-Kctonic acids in amino-acid 


degradation 

16-Kcto-oc$tradiol, biosynthesis and 
metabolism 


393,394 


. 431 
755 


431 


- - in pregnancy 

6-Kcto-ocstronc, biosynthesis and 

metabolism 

11-Kcto-ocstronc, biosjmthcsis and 
metabolism 

16- Kcto-ocstronc, biosj'nthcsis and 

metabolism 

a-Ketopantoic acid in pantothenic acid 

synthesis. 

Kctopentoscs in urine 

3-Kcto-6-phosphogluconic acid In i22 

phosphate qvlc *o 

Ketoses 

Kctosc-l-phosphatc aldchyde-lpsc* 3cc 
Kctosc-l-phosphatc aldolase , . 

Kctosc-l-phosphatc aldolase, in lactic aa« 
fermentation 

- in plasms 5«7 

- - in heart disease sje 

in hepatic coma 

- in tissues 

Ketosis 

A*-3-Kctostcro{ds, assay and 

- in plasma 

17- Kctostcfoi‘ds, assay and structure. .« • 


- m urine . . . . 


diminished • 
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an ,, yi8 sq Lactatedebydtogentae,Ingattneliuce , . bSO 

ieryl-eocnxjtne A in notleucine - in gl}eolysii .... .......... . 389 

atim 396 - isotytne distribuooo 584,590,391 

^nune-fotce) ....211 -inmilk,, ., . ........ , . . .689 

od-group aystem . ...... .. 632 


Leciihins, forrnation 4! 

- m plasma 6l 

- refeience preparations 7! 

- structure and hydrolysis 4! 

Leeks, composition 5( 

I-,-« t . 


. 394 LactatW. anuno-acid re 


eeondiryoitifieatloneentres 706.7' 


Krypton 

cycle Sea TrlcarbOTylie acid cycle 
ti.ptopeiuts, lae<o{<i, etc 
at 13, eharaeteriiciet 


logm Sea Daytocin 

>e ht intMimsl rmico 
«, in bile 


LactoMaein bee KiboHaein 
Lactogen, human placental (lIPL) 
Lactogenic hormone See Prolactin 
lacteglobuim In imlk 

- (tomglucoie i-pkosphsteend UDP* 

- ineoleranee 

- in milk 

- milk oligosacchitidei (tom 

- I ^hoaphatc 

Lactotuna 

Lactotnnsfcttin in mik 
laeeo eempoutids ; 

Lacruloec See o-rtuctoae 
lamb, cotnpounon 

Laneetane In aicroids 
Lanoitelol 

- in eholeiienl •ymhetia . 

Lanthiiudet 231.1 

lanthanum, Aame tinea 

« pcopertiea, I tot op ea. etc 
LAP Sea LciKlnc anunofcptijate 
Latd, cocopotitioa 

LATS (Iong.aeting ihyroU atlmolator) 
Laurie aod 

LauroIcK aent 

Lavrenciurii, peopertKt an.! laotofca 
lb (pound) 

Ibf (pound force) 

LDI I Sea lacMc dehydrogenate 


Leucine aminopeptidase (LAI^ ,, 

- iti ccccbcotpinal fluid . . , 

• in gastric fuiee . . . , 

- isorrmes 

“‘"P'”™ 

■ - in ebsoueiiTe (tundice . . . . 

- - inprepuncY . . 

Leueinotis 


- dw^ibiinueleieaeul ‘ 

• crgolhioneine . 

- eihanolsmine ... 

■ folie acid . 

• glyeoptoieini . . 

- half Lfe , . ; 

■ hiitafmne . . 

“ lactic acid ^rmenotion 


- phoiphandei 

- proleini ... 

- tuiconiuptej 

- pytidoml phoaphjia 


- tibonueleie’acid” 

- imynoanliv^,^ ' . ’ 


- oitde, dcctnonnal aoloiiona 

- poia^mg, 8‘amiDolaeuulinic aead 

- - eibec on haem aentheaii 

- porphyrm eactettoo 

- ra'^.haieMdm’a 


in brain and flpinal coed 5 
in eerebtoapinal 8utd . , g 
ranaeeuoet Cactoe to tiptd phoaphoioa ... 2 


Leucocyte count ' 

Leuoocytocni • • . 618, « 

H"eo 7 tmit.bloti|gl«;;* • • • .4 

^-Uucyl 

aminopepiidiK =*e Leucine 

! '*®™r»te ■ * 

glutathione reductiae ' ' • 6 

- - histamine ... • • 5' 

“ “ P^O'pIwglrcen’ra kniasa ' ' ' -6 

* - eiicoiiiy ... •••.$! 

* - TitaminB,, ..". • • • ■ y 

' leucocyte line . ' ' ’ ’ ... 6 

-uric acid eicreiion' ! . • • 5 

Leuko- SeeLeuco- " • 6 
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Levo compounds 308,309 

I-cvulosc. Sec i)*rructosc 

Lewis blood-group system s » 631,632 

- chnicat significance 633 

Luvorc cciis, seminal fructose and ........ 684 

LH. See Lutcinixing hormone 

Idt-Ur. See Luieimting-hotmonc releasing 
factor 

U(linl:) 200 

LI. See Lithium 

Life expectation, blood pressure and ....... 553 

- body weight and 712 

Ligasca 386 

Light, quantities and units 222 eq. 

- velocity 215,216.228 

Light year 201 

Lignoccfic acid 367 

- in kcrasln 377 

Lime juice, composition 500 

Limit-dextfins. Sec Dextrins 

Lincomycin, reference preparation 762 

Lindcric acid 368 

Line (unit) 200 

Linear equations, solution 137 

Linear velocity units 210 

Link 200 

Linolc'ic acid 370, A^2 

- in htlc 655 

- in depot fat 374 

- dietary requirements 492,495 

~ in foods 498 sq. 

- lev scrum lipids 604 

- in milk 687 

Linoleyl alcohol 492 

Lipases 405,414 

- in bile 655 

- In cerebrospinal fluid 638 

- in gastric juice 650 

- in milk 689 

- in pancreatic juice 652,653 

- in plasma 595 

- - in pancreatic disc.asc 587 

Lipids <j//e Kt//) 365 sq. 

- in bile 655 

- biosynthesis, Inhibition by nicotinic 

acid 477,478 

- in blood 600 sq. 

- excess 374, 456 

- in brain and spinal cord 520 

' - in cerebrospinal fluid 638 

- 'compound' 365 

- in erythrocytes 600,601 

- in faeces 659, 660 

- in gastric juice 650 

- in intestinal juice 656 

- in leucocytes 601 

- metabolism, effect of ACTH 717 

effect of corticosteroids 749,750 

disturbance 455 

effect of glucagon 738 

effect of growth hormone 720 

- in pancreatic juice 652 

- in semen 685 

- 'simple' 365 

- in sweat 681 

- in synovial fluid 642 

- in thrombocytes 601 

- in urine 675 

Lipid phosphorus, in blood 563 

- conversion factors to phosphorus 251 

- in erythrocytes 563 


- in milk 
~ in semen. . . . 
Lipidoses ..... 
a-Lipoic acid, . 

~ in plasma . , . 

- in oxidation of sugars 


689 

683 

455,456 

492 

60S 

391 


- in tricarboxylic acid cycle , . 390, 391 

Lipoid factor in blood coagulation 622 

Lipoproteins ^ 

- accumulation 

- 

- and cholesterol 

- in Sc 

- in spermatozoa «« 

a-Llpoprotcms m serum V ‘ ‘ can 

ai-Lipoprotein, characteristics and function. 5«U 

- in erythrocyte sedimentation j59 

- in scrum . 580, 583 

aj-Lipoprotcin, characteristics and function, obu 


- m serum — ; - • 

^-Lipoptoteins, in cetebcospinal fluid . 

pjiiwrotcin, characteristics and function. 580 


580 

637 

602 


(^i-Lipoprotcm tn scrum 580, 583 

Lipotropic hormone (LPH) 716 

Lipotropin 716 

liq.pt (liquid pint) 204 

Uq.qt (liquid quart) 204 

Liquid measures 204 

Liter. Sec Litre 

Lithium, flame lines 284 

~ in plasma 567 

- properties, isotopes, etc 234 

LithochoVic acid, in bile. . ................ 655 

- in faeces 660 

Lithosphere, composition 234 sq. 

Litmus indicator 283 

Litre 203 

Litre atmosphere 213 

Liver, adipobcpatic, scrum entyme changes. 586 

“ animal, amino acids 516 

- composition 512 sq. 

- .ascorbic acid 490 

- biotin 486 

- contribution to DMR. 539 

carcinoma, scrum cnxyme changes ...... 587 

scrum triosephosphatc isomcrxsc 600 

- carnitine 491 

- cholesterol synthesis 426 

“ cirrhosis 451 , 455, 456 

bile acids 655 

- biliary bilirubin 654 

• — gastric juice ammonia 649 

gastric juice secretion 647 

leucocyte vine 567 

scrum, biHrubin 577 

enzyme changes 586 

pantothenic acid 611 

- composition. 519 

- deaminases 419 

- disease, glucuronic acid excretion 673 

- - scrum, adenosine deaminase 599 

- - - arginasc 598 

cholinesterase 595 

dehydrogenases 590 sq. 

- — enzyme changes 586 

- - - giucosc-6-phosphatase 597 

- - glucosephospbatc isomcrasc 600 

- — ^.glucuronidase 597 

- - guanine deaminase 598 

- — kctosc-l-phospbate aldolase 599 

- - alkaline phosphatase 596 

- - - phosphopyruvate hydratasc 600 

ribosephosphatc isomcrasc 600 

transaminases and transferases , . 593, 594 

- dysfunction 454 

-enlargement 449, 451 sq. 

- enzyme activities 585 

- enzyme activity gradients between scrum 

and 586 

- fatty acid esterases 4H 

- glycogen accumulation 451 

- glycosidascs 411 sq. 

- effect of insulin 736, 737 

- lactic acid fermentation 388 

- lipid accumulation 455 

- S.mcthyltctrahydroptcroylgluiamic acid . . 479 

- nicotinic acid 477 

-oxidases,.... 419 

- pantothenic acid 488 

- peptidases 410 

- phosphatases 415,416 

- phospholipases 417 

- porphyrins 454,455 

- purine nucleoside phosphorylasc 418 

-radiography 289 

- respiratory rate 387 

- riboflavin 471 

- thiamine 470 

- thyroid hormones 727 

- transaminations 394 

-vitamin A 457 

- vitamin B, • * 475 

- vitamin 484 

- weight 710 

Liver starch. See Glycogen 

Im (lumen).. ^^4 

LMTH (lutcomammotfopic hormone). See 
prolactin 

In. See Logaritlims 

Lobster, composition 

log. See Logarithms ^ 

^ 

log# 10 . »•«••»•••** ••/••* *■ 

Loganberries, composition 

Logarithms, common 

--offtetoriaU 26-2^ 


315 


Logarithms, explanation 134,135 

- natural 12 sg. 

Logistic weights 57 

Logits and antilogits 56 

Long-acting thyroid stimulator (LATS) .... 718 

Long ton 205 

Loschmidt constant 228 

Loudness quantities and units 225,226 

Lp groups of serum 634 

LPH (lipotropic hormone) 716 

Lr (lawrcncium) 243 

LRF. See Lutetnizing-hormone releasing 
factor 

LSI (leucocyte sedimentation index) 5 58 

LTH (lutcotropic hormone). See Prolactin 

Lu (lutctium). 241 

Lumbar fluid. See Cerebrospinal fluid 

Lumen 222 

Lumiflavin 472 

Luminous quantities and units 222 sq. 

Lumistcrol in vitamin Dj formation . . . 461,453 
Lungs, blood pressure 5p 

- capacity values 541 sq.,530, SM 

- in children, nomograms ............. 547 

- circulation 543,544 

- compliance. Sec Complbncc 

- composition 512,519 

- diffusing capacity 545, 5^2 

- enzyme activities. 

- lactic acid fermentation 335 

- peptidases 

- resistance. Set Pulmonary resistance 

- values o4l sq- 

calculation from spirometer values . ^59 sq. 

- - ratios 

- vital capacity. See Vital capacity 

- volumes 

- water loss from „“■! 

- J 

- xanthine oxidase 

Luteinizing hormone (LH) ^^^*-5" 

- oestrogens and *;• 

- progesterone secretion and 

- secretion, effect of testosterone 

Lutcinizing-hormonc releasing factor ^ 



- effect of testosterone ^ 

Luteomammotropic hormone. See Prouctm 
Luteotropic hormone. See Prolactin 
Lutcotropin. See Prolactin 

Lutctium, properties, isotopes, etc 

Lutheran blood-group sptem • * ^ 

- clinical significance ^^3 

Lux ‘ 

lx (lux) 

l.y. (light year) 

L>’ascs 2^ 

Lymcc)’cHne, reference preparation . , . . ^ 
Lymphadenosis, Icucoc^'te mobility - * * 2^-, 

Lymphatic tissues, action of corticostemi 5. 

Lymph glands, enzyme activities IjcVn 

Lymphocytes, blood count - • • ' ‘ j 

- in bone marrow 

-dimensions 

- electrophoretic mobility’ - • 

- histamine 

- in synovial fluid 

Lymphoc\-te‘Slirnulaiing factor . . • . • 
Lymphosarcoma, scrum ribosephosph”'^^ 

isomcrasc 

Lys. Sec i.-LpIne t 

L-Lysinc 574 

- in blood ‘ • • * ” * ' ‘ 

- in blood proteins 2^4 

- decarboxylation 

- degradation "^’ 49 ^ 

- dietary requirements 

- in foods ‘^f)X 

- formation from cr,C‘diaminopimclic 

- in milk ^ 4 , 

- in saliva 

- in sweat *;;; 

~ in urine • . - - • ’ 

Lysine va«oprc<sin. Sec Vasopressin 

Lysokinascs * ' ' ' (^,5,5 

L)*solccithins, in bile 

- in cerebrospinal fluid 

- enzymatic cleavage 

- in crjnhfocytcs ; 

- in cr)*throc\'tc sedimentation 

- formation ' '(,'4 

- in phsm V" 

LysoUpids from phosphohp'd< 




560 

575 

640 

750 
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loepbobpiM 417 


cttc) ......... 

iUi-, 10 -«) 

tgi; 10 *) 


bjdneaie 

l-Malite NAD{F) oxidorediKUte. See 
Milate deb^rdR^enaK 
MalejUcetoacttic acid In pttrnjlalaniiie 


Mediterranean anaemia 

MEFR See Eapiratory flowrate, maximum 

mega. ( 10 *) 9 

Megakaryocytee in bone marrow 621 

Meploblistic anaemia. See under Anaemia 
Melanm, formation from tyroiitie ... 440,722 

- function 722 

- leek 

- murine 661 

Melanocytes, effect of nielanotropin . . . . 722 

Mebnoc^-itimulaung hormone . .. 721,722 


bile.. 

whole body 
body fluids 
bonca . 

etrebroaplAtl fluid 

inacnionfaeton 

Into magnaiium oxide 


llenrolyta balance 
erytbro^ei 
niTatiofl ofdtertws 
ifaecd , 
im liMi 
1 foods 
1 gaitne luiee 
1 bait end tiaili 
t milk 

t paacstaiie luiee, 
t placenta 

'i^Riet, iiotopcs. etc 
RiriiienofproKatei 
n purine formation 


igneuutU chloride, 
dccinormal aolutior 
bexahydctte, decint 


flour, compoaition 
Idxnt. malumant leni. 
\Wiie. in blood 
"I carhcxMham eaten 


-miaUTa... '.646 

-from lurch 4U 

Mammary glands, eflcct of oxytocin, . 723 

- phosphitnei ... 415 

« eflert of peolaccin , yjp 

-weightgainfaipfcgnancy. , . 690 

Mammolropin SeeProIacim 

Man See o.Mannote 

hfingtnese.eiondeweightinuluplea , .. 2 S 0 

- in blood ' 

- In cerebrospinal Bold , ' «« 

- dieury requirements 

- In faens . 4«» 

-flame lines . ' 

-In foods 

- seusstionorhciosediphosphatMe 415 

-in milk 48 g 

- 10 orgina . . ... 

- properties. Isotopes, etc . ’ 2 J 6 

- actiTitionofptoicasea 

- in skin, half and luila 
• sulphate, deeuMrmal aoluiiot 

- in meatboxylie aeid cycle jgj 

h(anginese.52tnd.$4.chanettiiuics ^ 

- decay able ' 

B.hCannohepndeM j.. 

Mannouminc, formaiKm 4 >. 

o-MannoM (Man) jjg j,. 

-in serum glyeoptoteini '404 

- 1 phosphate, in i-liieoie fonnaiion 42 } 

- - guanosinc diphospbate mannose from J 47 

- 6 phosphate 

- - in L-fiKOse formation 


in a hydfoxyprolins degradation 

■n phtuvlalaninc degndaiion 


Islste dehTdrofenaie (MD! I), a 
tsiT^ritaie fortertion 


$20 

277 

680 


MAO See Mon 
Maple sytvp oni 
Marc's r»lk. cor 
Margiric acid 


r, bone Sec Done marrow 


mbienbmgapscicy) . 


Maiwca 216 

Marotuuisc.compoaiiion SJO 

MBC (B ■ ■ 

McAiE 

Mal{i . 

MCIIC (mean eDfpaacular Kecmogkibin 
con«nirs»on) . S 7 <. 61 S ,«17 

MCV (mean sorpuandax eohune) 614 . 615,(17 
MJ {imndclSThuii) 248 

MDII See Malalc dehydrogenase 
Means 


in day 

iiiss anriserum. sefciei 


c pRparai 


- iron ttquitifnent 

- oetiradiel forouiion 

- plasma, ammo scids • 

- - indrogeos 

- - ascorbic icid 


- - ueatine , 

“ ■ SlueuroBieaeid 


' - gonadotropins 

■ - 3 bydroiy-kynutenine ... 1 

■ - mclanotroptn 

-l.Bcihyl2pytidoneS.eitbo*ylamId« ’( 

- OMUogetii . _ ' , 


- i.ineioyi 4 

- - OMifogetis . 

- ■ Ptegnanediol 

- - ttstotterone . 

Mereapuns m urms 
Wercaptutie acids 

“ m detoxication ' 

-flamelinr, ‘ . 

-In urine etc 

-diijnoiticuse. 

MesohiUne , ' 

M'»bilcne(b> .. • ' . , 

M'sobiliery*,,^ ' 

Meaohiliruscicis 

MdohiWhodm ■ • 

Mesobilifuhm 

Mesohilirubinoge'' 

Mssobilnioiin 

Meso eompounda ' ’ ' ■ . 

Meiohsemc • •• 


.. Z >7 
a 761 


Mevyiorphyrin . 
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Metabolic ncltlosis and alkalosis 528 

« body sire 473 

- diseases, congenital 446 sq. 

- quotients 387, 388 

- rate, basal (DMR). Sec Basal metabolism 

- resting (IlMR) 495 

- reactions 389 sq. 

Metabolism 387 sq. 

- basal. See Basal metabolism 

- cell 387,388 

- of crytlirocytcs 616 

- inborn errors 446 sq. 

- of leucocytes 618 

- of lipids. See under Lipids 

~ mineral. Sec Electrolyte balance 

- of plasma proteins 579 

- of thrombocytes 621 

Metamorphosis test 727 

Metamyelocytes in bone marrow 621 

Mctanephrlnc in urine 668, 733 

Mctanil yellow indicator 283 

Mctaphosphatascs 405 

Meter. Sec Metre 

Methaemoglobin 359, 360 

- acid 359 

- alkaline 359 

- in blood 576 

Methacmoglobimicmia 576 

- congenital 447 

Mcthanoic acid 366 

L-Mcihioninc (Met) 332 

-* biosynthesis 479 

- from homocysteine 437 

- - vitamin in 485 

in blood 574 

- In blood proteins 581 

“ cell constituents from 434 

- creatine from arginine, glycine and 437 

- degradation 398, 402 

- dietary requirements 496 

in foods 516 

in milk 688 

~ in saliva 645 

- in urine 667 

MethionyllmUidin 742 

McthionyMysylbtadykinin 742 

Methoxyestr-. Sec Methoxyoestr- 
3-Mcthoxy-4*hydroxymandclic acid, from 

catecholamine breakdown 732 

- in urine 675,733 


3-Mcthoxy-4-hydroxy*p-phcnyIaceta!dehydc 

from catecholamine breakdown 

3-Mcthoxy-4-hydroxyphcnyIacctic acid, 
from catecholamine breakdown 

- in urine 

3-Mcthoxy-4-hydroxy-P-phcnyIcthanol from 

catcchobmine breakdown 

3“Mcthoxy“4-hydroxyphcnylglycoI, from 
catcchobmine breakdown 

- in urine 

3-Mcthoxy-4-hydroxypbcnylglycobldchyde 

from catecholamine breakdown 

2-Mcthoxyocstriol in urine 

2-Mcthoxyoestrcnc, biosynthesis and 

metabolism 

- in urine 

- in pregnancy 

5-Mcthoxytryptaminc in urine 

Methoxytyramine from catcchobmine 

breakdown 

a-Methybcctoacctyl-cocnzymc A in 

isoleucinc degradation 

Mcthybcrylyl-cocnTymc A in valine 

degradation 

2-Mcthybdenincr7anocobamide 

2-Mcthybdenosinc 

2'-0'Mcthybdenosine 

JV®-Methybdcnosine 

i’-Mcthybdcnosylmcthionine in oestrogen 

metabolism * * * 

A7-Mcthybdrcnaline, breakdown 

a-Mcthyl-p-alaninc. Sec 3-Aminoisobutyric 


732 

732 

675 

732 

732 

675 

732 

756 

431 

756 

757 
669 

732 

396 

396 

483 

354 

354 

354 

431 

732 


. . /Aft 

Mcthybminc m 

5-Mcthyl-6-amino-2-hydrox>'pyrimidinc .... 338 

Methybspartate mutasc, vitamin 

Methybtion in detoxication sq. 

5-Mcthylben2imida2olylcyanocobamidc 483 

2- Mcthyl-l,2-bis-(3-pyridyI)-l-pfopanonc 

(met^pone) test ‘ 

3- Mcthylbutanoic acid 

r//.2-Mcthyl-A*«butcnoic acid ............. 3 n 

a-Methylbutytyl-cocnzymc A in isoleucinc 

degradation 


a-Mcthylcarbamyl-p-alaoinc in thymine 

dcgrad.'ition 401 

24-Mcthyl-5a-cholC8tanc in steroids 381 

24.Mcthylcholcsta-5,7,22-tricn-33-ol. See 
Ergosterol 

Mcthylcobabmin 482,483,485 

- in serum 484,610 

p-Mcthylcrotonyl-CoA-carboxybse, biotin , 487 
p-Mcthylcrotonyl-cocnxymc A in leucine 

degradation * 395 

2'.0-Mclhylcytidine 354 

3-MethyIcytidine 354 

5-Mcthylcytidmc 354 

5-Mcthylcytostnc 338 

Methylene group, mol.wt. multiples ....... 250 

5.10- Mcthylcnctctfahydrofolic acid, in 

transfer of onC'Catbon groups 436,437 

- in synthesis of purines and methionine . . . 479 

- in pyrimidine synthesis 439 

5.10- McthyIenetetrahydropicfoylglutamic 
acid.Scc5,10-Mcthylcnctctrahydrofolicacid 

AT-Mcthyl-L-glucosaminc 315 

p-Mcthylglutaconyl-cocnxyme A in leucine 

degradation 395 

I'Methylglycocyamidinc. Sec Grcatinine 
Mcthylglycocyamtnc. Sec Creatine 

Methyl group, mol.wt. multiples 250 

Mcthylguanidinc, in blood 573 

- in urine 666 

1-Mcthylguanine in urine 671 

Methylguanosines 354 

l-Mcthylguanosine 354 

14-Methylhcxadccanoic add 371 

1-Mcthylhistidine 335 

~ in blood 574 

- in urine 667 

3-Mcthylhistidine 335 

- in blood 574 

~ in urine 667 

a-Mcthyl-P-hydroxybutyrj'l-cocnxymc A in 

isoleucinc degradation 396 

l-Mcthylhypoxamhine in urine 671 

5.10- MethyUdynctetrahydrofoHc acid, in 

L'histidine degradation 395 

*- in inosinic add formation 433 

- in transfer of one-carbon groups .... 436, 437 

- in synthesis of purines and methionine . . . 479 

l,4-Mcthylimida2oleacctic acid in urine .... 670 
1-Mcthylinosinc 354 


Mcthylmalomc semialdehyde, from 
a-mcthyl-0-alaninc 401 

- in valine degradation 396 

Mcthylmalonyl-CoA carboxyltransferase, 

biotin in 487 

Mcthylmalonyl-CoA mutasc, in degradation 
of fats 392 

- vitamin Bn 485 


Mcthylmalonyl-CoA racenme in degradation 

of fats 

Mcthylmalonyl-cocnzymc A in degradation 

of fats 

A^-Mcthylmctancphrine from catcchobmine 

breakdown 

Mcthylnaphthoquinonc 

A^j-Mcthylnicotinamidc. See 1-Mcthyl- 
nicotinamide 

1- Mcthylnicotinamidc 

- in plasma 

- in urine 

D.[_]-10-Mcthyloctadccanoic add 

Methyl orange indicator 

6a-Mcthylprcdnisolonc 

~ biological activity 

2- Mcthylpropanoic add 

2'‘0-Mcthylpscudouridmc 

iV,-McthyI-2-p)'ridonc-5-catboxyIamidc .... 

- in urine 

l-McthyM-pyridonc-5.catboxybmide in 

urine 

l-Mcthyl-6-p}'Tidonc-3-carboxylamide. Sec 
JSr,.Mcthyl*2-pyridonc-5-catbox>'bmidc 

Methyl red indicator 

24-Mcthyl-9,10-sccocholcsta-5,7,10(19),22- 
tctracn-3{3-ol. See Vitamin Pj 
0-Mcthylscrinc. Sec x.'Thrconinc 

Mcthyltcstostctonc, biological activity 

S-Mcthyltctrahydrofolatc homocysteine 

trawmcthybsc, viumin in 

5-Mcthyltet»hydrofolic add 

- in blood - - • - 

in whole body 

- in methionine formation 

- in transfer of one-carbon groups .... 436, 437 


392 

392 

732 

468 


477 

610 

676 

371 

283 

380 

750 

371 

354 

477 

676 

676 


283 


752 

485 

431 

610 

479 

437 


5-Mcthyltctrahydrofolic add, in synthesis of 

purines and methionine 479 

5'Methyltctrahydroptcroylglutamic add. Sec 
5-Methyltctrahydrofolic add 
5-Mcthyl-THF. See 5-Mcthyltetrahydrofolic 
acid 

8’McthyItocol 465 

8-McthyItocotricnol 465 

Mcthyltransfcrases 385 

0-Mcthyltransfcrase in oestrogen 

metabolism 430 

13-McthyItridccanoic add 371 

6a-McthyI-lip,17a,21-trihydroxyprcgQ3-l,4- 
diene-3,20-dionc. See 6a-Mcthylprcdni- 
solonc 

Mcthyluridines 354 

Metre 200 

Mctrc-kilogrammc-sccond-arnpercsystcm215,216 

Metric ton 204 

Mctyiaponc test "17 

Mevalonic add, in cholesterol synthesis 426,427 

- in synthesis of ubiquinones 466 

Mcvalonyl phosphate in cholesterol 

synthesis 426,427 

~ pyrophosphate in cholesterol synthesis 426, 427 

- ribophosphatc in cholesterol synthesis 426,427 
Mg. See Magnesium 

Mho 216 

mi (mile) 

Michaelis constant 3S2sq. 

micro- (lO’*) J 

Microbar 211,212 

Microcytic anaemia 

Micrometre 

Micron 

Mid-expiratory flow, maximum (MMF) .... 543 

- determination 

MIFR (inspiratory flow rate, nuximtim) • • • ^ 
Mil 

- circular 

Mile, 

- w 

Milk, breast («« alts Brtist fctdin£) oSi sq. 

-- amino acids 

- fat content variations 

- fatty acids TT. 

- alkaline phosphatase 

--thiamine 

--vitamin A 

- - yield 

- cow’s ^ 

- effect on urinary electrolytes ...... ^3, 

- fatty adds • * • • ' 

- effect on urinary nitrogen 

effect on infants' stools 

- dietary data 

- ejection, effect of ox>tocin 

- xanthine oxidase « 

-n 

Millibar 211, 2U 

Millimetre 

- of ■ ■ Jp 

- of water — 

Millimicron * 

min (minim) * 2^5 

min (minute) • • • ' 

Mineral metallism. Sec EIcctroIj'tc 
Mincralocorticoids 379sq-,428, / 

- determination ' 

Mincralocorticosteroids. See Mincnlo- 

corticoids 

Minim 



Minute (angle) 14’’ 510 

Minute ventilation (Kr) *"'<44 

Minute volume of pulmonaty cinrijbtjon. . • 

Mitochondria, vitamin "* C43 

Mixing time in lung-spirometer system . . . • - 
MK (myokinasc). Sec Adenylate kinase 

MKSA (mctrc-knogrammc-sccond-ampe^ 

units “■ 

MMF. See Mid-cxplrator}- flow, maximum 

mmHg (millimetre of mercury) 

mmHjO (millimetre of water) 

Mn. ^ Manganese f,2T 

MNSs blood-group system ^33 

- clinical significance 

Mo. Sec Molybdenum 

MorxLER-BARLow' disease :“0 

mol (mole) 




. 227,271 Muwl^ fK^i L 


•'">'" n«~lopl„mu 

- *erutn glucyronfe icid 

:id I.' ’’' 


- ofginJe *‘" 322 

- phoipholipue A 4.* 

-propoRioaefbodfvci^ '***517 

-Riplntonnlt "* i«4 

-fib<A»in 4 ^j 


- - Indoxylfulphui 

- -■ prottin* . . 

pfopeniti »nd’iiofopeV.”. 


f.i 


hydtoijUfpQffiin* fonraooB. . .... 441 
Ttt^ in blo^ (15 tq 


J.rw. SmV 

bprM.iipiil 


21< 

. 37!,J72 
. „ 372 


•• - €Lmen*«onj 

MT»fc*ilo.k*tau.bloodbi»^nB^’ f” 
Mploa.ureCTBRorgloiNitiiu.. 


Kerronlc iCid ” !!...'! jit 

N^io ttter Ue n-Fruetoie'fi-Vhoir^hii* 
S«SiiiliciclJ. 

Newin*,pefipii<rai 

H^Utvin, In bnin ind iplrli'l iord ' 
-ItikLcg ci fhotfhaniMitultt , . 
T-e M ep t yua 

ted k^iaiot, 

Newaw. CcttmM wtrt Inph 

tw* i:; 

-«Li=ea«<M-j •••' 

, ^ 5 , 

-lload.tair/itcui* ' 

~ “ xariaa* .... — 

“■ - M trrtic teij , 
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Newborn cf^'throq-tes, count .. 614,617 

- - diameter 617 

- Rluuihionc 573 

“ - lifetime 616 

- osmotic resistance. 616 

- - sedimentation rate 558,559 

*• - mean corpuscular volume 615, 617 

- f.^cccs, composition and properties . . . 657 sq. 

- fat weight 517 

- functional residual capacity 542 

*“ gastric juice, acidity 648 

- - pH 647 

“ hacmatocrit 614,617 

~ haemolytic jaundice 577, 632 

- composition of hair and nails 520 

“ Iodide metabolism 726 

~ Icucoq’te count 618,619 

“ lung values 550 

- normal measurements 692, 693 

~ muscle, composition 518 

- weight 517 

“ organs, composition. 519 

- weights 710 

- pulmonary compliance 545 

- respiratory quotient 539 

- rctlculoqtcs ..................... 612,613 

- saliva, amylase. 646 

- volume 643 

- skin, composition 521 

- daily number of stools. 657 

- sweat electrolytes 679, 680 

- teeth, composition 521 

- development 709 

- thiamine 470 

- organic components of tissues 522 

- undcr*wcight, weight gain 692 

- urinary concentration 662 

urine, acidity 662 

- - amino acids 666, 667 

- ammonia 666 

- calcium. 664 

- carbohydrates 673 

- - catecholamines 733 

- chloride 662 

- corticosteroids 746 sq. 

- creatine 665 

- creatinine 665 

- - erythrocytes 677 

- guanidinoacetic acid 666 

- - Icucoq’tcs 677 

- - magnesium 664 

- - nitrogen 665 

- - oestriol 756 

- - phosphorus 663 

- - potassium 663 

proteins 668 

specific gravity 661 

sulphur 663 

urea 665 

uric acid 671 

vitamins 676 

volume 661 

- vital capacity 542 

- vitamin A prophylaxis 460 

- vitamin A requirement 460 

- vitamin E dcficicnq’ 466 

- vitamin K therapy 468 

- water requirement 524 

- weight 692, 693 

Newcastle disease antiserum, reference 

preparation 761 

- vaccine, standard and reference preparation 759 

Newton 211,216 


Ni. See Nickel 
Niacin. See Nicotinic acid 

Niacinamide 

Nickel, flame lines 

- properties, isotopes, etc. 

in urine 

Nicotinamide. 

Nicotinamide mononucleotide (NMN) 

Nicotinamide-adenine dinuclcotidc (NAD; 
in reduced form NADH, NADHa) • . 344, 

- in alcoholic fermentation 

- in biological oxidations 

- in blood 

- enq-matic cleavage 

- in i-cysteinc degradation • • 

- in degradation of fats^ 3.2, 

- formation from nicotinic acid. 

- functions 

- in glutamic acid formation 

- in glycolysis... ; 

- in hydroxyprolinc formation 


Nicotinamidc-adcninc dinuclcotidc, in 

isolcucinc degradation 396 

- in leucine degradation 395 

- In methionine formation 479 

“ in norlcucine degradation 396 

- in transfer of one-carbon groups 437 

- in prolinc formation 432 

- in purine formation 479 

- in pyrimidine formation 439 

- in serine degradation 397 

- in oxidation of sugars 391 

- in L-tbreoninc degradation 397 

- in tricarboxylic acid cycle 390,391 

~ in UDP-glucuronic acid formation ...... 423 

in UDP-idufonic acid formation 423 

~ in urea synthesis 444 

- in valine degradation 396 

- in xanthj'llc acid formation 436 

Nicotinamide-adenine dinucleotide phosphate 

(NADP; in reduced form NADPH, 

NADPHj) 344,477 

- in blood 577 

- in catbon*chain extension 424 

- in cholesterol synthesis 426 

- enzymatic cleavage 416 

“ in degradation of fats 392 

- in fatty acid synthesis from citrate . . . 424, 425 

- formation, from nicotinic acid 477 

in pentose phosphate cycle 422 

- functions 477 

- in glutamic acid formation 432 

- in methionine formation 479 

- in transfer of one-carbon groups 437 

- in phenylalanine-tyrosine conversion .... 439 

- in purine formation 479 

- in tricarboxylic acid cycle 390, 391 

Nicotinic acid 476 sq. 

- in blood 477, 610 

- in cerebrospinal fluid 639 

- deficicnq*’ 478 

- dietary requirements 478,493 

- in foods 499 sq. 

- losses during cooking 498 

- conjugation with glycine 444 

- in liver 477 

- in milk 689 

- NAD formation from 477 

- in tryptophan degradation 398, 399, 475 

- in urine 477, 676 

Nicotinic acid adenine dinuclcotidc in NAD 

and NADP formation 477 

Nicotinic acid mononucleotide in NAD and 

NADP formation 477 

Nicotinuric acid 477 

Niemanm-Pick disease 455, 456 

Ninhydrin 329 

Ninhydrin reaction. 573 

Niobium, flame lines 284 

- properties, isotopes, etc 237 

Nisinicacid 370 

Niton, properties, isotopes, etc 244 

Nitraminc indicator 283 

p-Nitranillnc, acetylation 444 

Nitrate in urine 664 

Nitric acid, dccinormal solutions 277 

Nitrite, in blood 564 

- in urine 664 

Nitritocobalamin 482 

Nitrogen, atomic weight multiples ........ 250 

- in blood 572 

- determination 563 

- in whole body 517 

- in bones and teeth 521 

- in foods 498 sq. 

- in leucocytes 572 

- in muscle 518 


- nonprotein. See Nonptotcin nitrogen 

- in organs 519 

- in placenta and amniotic fluid 522 

- properties, isotopes, etc 234 

- in skin, hair and nails 520 

- in thromboq’tes 572 

Nitrophcnol indicators 283 

Nitrous acid {lee eho iVTVr/fr), dccinormnl 

solutions 

nmilc (nautical mile) 200 

NMN (nicotinamide mononucleotide) 344 

No (nobelium) 

Nobclium, properties and isotopes ^48 

Nodocs ' I 

Noise levels ; • • • • • • 

Nomotrram, acid-base balance of blood .... 

- aortic diameter ami biological age . . . . (msidc 

back cover) 


Nomogram, blood, plasma and erythrocyte 
volumes 556 

- body surface area 537,538 

- scrum cation concentration 562 

- drops pee minute 529 

- HcKDERSON-IiASSELDALCH formula 523 

-lung values 547,550 

Nonacosanoic acid 367 

Nonadccanoic acid 367 

Nonanoicacid 366 

Nondccylicacid 36/ 

Nonoscs 316 

Nonprotein nitrogen (NPN), in bile 654 

- in blood 572,63? 

- in cerebrospinal fluid 635 

- in gastric juice 649 

- in milk 511,683, 

- in pancreatic juice 6^2 

- in saliva 64a 

- in synovial fluid * . • 641 

- in tissues 

Nonsccrctors of ABH substances 631 

Noodles, composition ^5' 

Noradrenaline 

- breakdown 11“ 

- formation from tyrosine ^40,731 

- in plasma 

- release 

- in urine 

Noradrcnochromc from noradrenaline '^1 

Nor-compounds 

Norepinephrine. See Noradrenaline 





Norcthisterone 'Xi: 

Norcthynodrei 

Norlcucine *; ‘';fT 


- degradation - 

Normal distribution {see aho ir.dis, 

pagts m~i9S) 161 sq.. 16W 

*Norm.ar format ^ 

Normal solutions of reagents 

Normal temperamre and pressure (NTP)..* 

Normality, tempenture variation 

Normetanephrine, from cattchoUminc 

Norvaline degradation ^^^’-61 

Novobiocin, standard 

Np (neptunium) 

NPN\ See Nonprotein nitrogen 

Nt (niton) *60 

NTP (normal temperature and pressure) ... 

Nucleic acids ^ .v 


- biosynthesis from pentose phosphates • • * .X' 

- in “ ^54 

- minor constituents ’ 



- in semen Xl-'Uo.a 

Nucleosides.. 

“ minor ‘ 

Nucleoside diphosph.itc kinase 

Nucleoside kinases 

Nucleoside monophosphate kinase • ' , j. 

Nucleoside phosphates * • 

Nuclcosidephosphatc kinase in pyrimidine 

synthesis 

Nucleotidases 

S'-Nucicotidasc tn- 

- in plasma 

■- in purine degradation 

Mudeorides... 

- " 577 

- in blood 

~ with cocnq’mc functions '/ 41*^ 

- enzymatic clcn\*ape 335sq.,4C'o, * 

- in erythroqtes 

Nucleotide pyrophosphatase *,55 

Nucleotidyltransferases 

Nuclides 235 

- relative atomic masses 

- natural, properties 

- radioactive. See Radionxiclidcs j v 

Numbers, definitions ^31 

- random 

Nutritional standards - S'J 

- tables ‘ 516 

Nuts, amino acids j — 

- composition 

Ns'staiin. srandarti 



* (‘raJucuan (ate 

OeKnijieI-t7ti . 

Oi«nni 

Octtn }.l,^tQ) (rKnt-3.17xtI 
Oetira l^.S(tO) tritne \(73tl 

OttnJiol 

OtUBU,J(lO) triene-3,ti«.V 
OeiiteJ 
Oeiinol 

- furmiion 

* In ptiinu 
Oxingtnt 

* biologicil tciifity 

* biwrnthciit 

* cfTed en (erudoiropin («n 

- meuboliim 

- muKoneeciioA uv plxtAu 

- on pliim* gtovth hoi 


410.75«.7i7 
379 ,7SSa<i 
737,758 
<30 .<1 .755,757 






C»t phenotYpe. 


- ' rhoaphMiJc* 


~ bl<v^ co.g\iUliur 
' bloM prmure 

- BMR 

- ttcebroepinil Sun 


Onngev eompotition . ■ • ■ S 

Orange I indicMot .... 2 

Orange IV Indicator ■ • . • 2 

Orange jalce, compmition . i 

Organ anighn 7 

Organic acid. See under Acidt 
Organ tpccific eniyfflca See un<lc( Enryntea 
o-Ormthine, ikgradation > 

a-Omiiht(*e 3 

-mbtoo<! . . S' 

- in («uinr formation 4: 

- d.earboiylalion i 

- degradation 398, 393, 4 


380 - proline mU hydto»yp«lioe from 


lark 


7S6 Onho-bydrogen 

0,756,757 OrihopliorphOTC njonoettrr pboaphohydro- 
627 laK See Phoaphalaae. erid. and PhoipKa- 

216 die, alkaline 

510 O. (otrnnun) 

374 oam (oaniolc) 

565 Oimnfrona 

601.603 Osnuum, (xofertKt. uotopei. etc 

605 Oimolality 

602 Osmobnty 

564 Orinote 

601.603 OajTXptie coefiieiem 

579 - diurru. 

6IQ - prenuie. calculation ZK 

726 - relafion^ipi m body aaaice 

7 1 $ Ossifiraiioo cemte.. KCoodaiy, 

727 appeancKC 70< 

6CO Oiteontalaela 433,461, 


Oxaloiuecinie acid in tricarboi 
Oxidatiiut, biological, mcchan: 




394.395 
442.445 
452.667 

Omiihine catbamoylttanafctaae (OCT), in 
certb(o*pinil fluid 658 

• m hypcrammonacmia 450 

-in plasma $93 

- tnitteaeycle 442,443 

Ortuihmeotlc 442,443 

Oteaomueeid $« o:,.CI><opro*ein, acid 
Orotic acid 338 

- in pycitnidine aynihcaia 438.439 

-intuin* 453.671 

Otottt-aeidutta 433 

OroridinemottophoHdi*'* (OM9) 342 

-formation 438,439 

OcoiidineS'-phoipbatedrcaiboiylaae.lacIt 453 

- in pyrumdine aynthesn 439 

Otoiidii»-5'-phojphaie pyrophotphorylaae, 


453 

247 


Otobiotm ... 

Oxoglutarate dchyilfogenaM, i 

- In triearboeylie acid cycle 
Oxophenirtme, refetenee preparation 
Oxy. See alM Hydroxy- 
Oxybietin 

Oxygen, itontie ueight multiple. . 

- biological addition 

- in blood 

- - deurmination 

- boiling point 

- ptopeniet, laetepei, etc 

- triple point 

- uptake, by erythrocytea 

- - by leucocyte. 

- - by mnritnta 

- ' by organ. 


Uaylene 

Otytetracycline, itandard 
Oxythi.mine 

- activity, action of ptogesl 

- Itandard 


mice 650 
390,391 
. 763 


- - in pregnancy 

Oxytoein-cle.Ting amino.cylpeptiJ.M 
Oxytocmaie 
Oyaten, composition 
ox (ounce) 


p (pico-. 10-**) 
p (pond) 

P See Phosphorui 
P (poiK> 


- iicroid bormone ay 


- effect of progeaterane 
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Index 

A clelailcd index to the statistieal tables (pages 28-131) and chapter on Statistical Methods (pages 146-196) will be found on pages 197-198 


PalmUolcic ncid {eontd)^ In scrum lipltls. . . * . 604 

r;\nc5\kcs, composition 508 

Pancreas, ascorbic acid 490 

- beef, composition 512 

- effect of cholccystokinln-pancrcozymin . . . 739 

- cystic fibrosis, salivary calcium, 644 

- salivary chloride 643 

- salivary nitrogen 645 

- - salivary sodium 644 

- scrum tocophcrols 609 

- - swc.at electrolytes 680 

' — sweat Iodine 679 

- - sweat tonicity 679 

- vitamin E. . * 467 

~ disease, scrum a-amylasc 597 

- - scrum enzyme changes 587 

■ — scrum p-glucuronidasc . . . , 597 

- DNAases 418 

- enzyme activities 585 

- fatty ncid esterases 414 

- insulin content 735 

- lactic acid fermentation 388 

- phospholipases 417 

“ proteolytic enzymes 408, 409 

- proteolytic enzyme precursors 407 

- respiratory rate 387 

- RNAasc 1 418 

- effect of secretin 739 

- weight 710 

Pancreatic juice 651 sq. 

- amount 525, 651 

- electrolytes. 525, 652 

- glycosidascs 411,412 

Pancreatitis, faecal tt)’psin and chymotrypsin 659 

- scrum enzyme changes 587 

- scrum lipase.,., 595 

Pancreatopeptidase E 408 

- in pancreatic juice 652 

Pancreozymin 651,739 

Pancreozymin test 652, 653 

Panose, hydrolysis 412 

Pantethein 488 

- in coenzyme A formation 487 

Panthenol 488 

Pantoic acid in pantothenic acid synthesis , . 487 

Pantothenic acid 487, 488 

- in blood 488,611 

- in cerebrospinal fluid 488, 639 

- in coenzyme A 345, 487, 488 

- deficiency 488 

~ dietary requirements 488 

- in foods 499 sq. 

“ in liver 488 

- in milk 689 

- in urine 488, 676 

Pantothcnyl alcohol 488 

N’-PantothenyI-3-aminocthancthiol. See 

Pantethein 

AZ-Pantoyl-S-propanolaminc 488 

'..Para-aminohippuric acid (PAH). See 

- /-Aminohippuric acid 

^ ■ * 359 

• hydrogen 247 

. • '1. virus antisera, reference 

, reagents 764 

Parallelepiped, geometry 142 

Parallelogram, geometry 142 

Parapepsin 407 

Paraproteins 581 

- in erythrocyte sedimentation 559 

Parathormone. See Parathyroid hormone 
Parathyroid hormone 728 

- vitamin D and 461 

Parietal secretion of gastric juice 647 


Parotid saliva. See Saliva 


Parsec 201 

Parsley, composition 505 

Parsnips, composition 505 

Pasteur effect 587 

Pb. See Lead 

P blood-group system 627,628 

- clinical significance 633 

pc (parsec) 201 

PCV (packed cell volume). Sec Hacmatocrit 

Pd. See Palladium 

pdl(poundal) 211 

Peas, amino acids 516 

- composition 505 

Peaches, composition 501 

Peak flow rate. See Expiratory flow rate, 

maximum 

Peanuts, amino acids 516 

- composition 507 


Peanut butter, composition 510 

- oil, composition 510 

Pears, composition 501 

Pecans, composition 507 

Peek 204 

Pcctic acid 328 

Pectins 328 

Pclargonic acid 366 

Pellagra 478 

Pcivfc width during growth ........... 695 sq. 

Penicillin K, reference preparation 762 

Pennyweight 205 

Pcntacosanoic acid 367 

Pcntadccanoic acid 367 

Pcntadccylic .acid 367 

Pcntaenc acids in serum lipids 604 

PcnLnnoic acid. See «-Valcric acid 

Pentoses 308,313,314 

- degradation 399 

- nucleotide, in erythrocytes 605 

- in plasma 605 

Pentose 5-phosphatcs in erythrocytes. ...... 605 

Pentose phosphate cycle 389, 420 sq. 

- in degradation of pentoses 399 

Pentosuria 451 

Pentosyltransferases 386 

Peppers, composition 505 

Pepsin....... 407 

- formation from pepsinogen 406 

- in gastric juice. 650 

- inhibitor 406 

- in plasma 598 

Pepsin B 407 

Pepsinogen 406 

- gastric secretion 647 

Peptidases. See Peptide hydrolases 

Peptide hydrolases 386, 405 sq. 

- in milk 689 

Peptides, enzymes hydrolysing 406 sq. 

- in urine 666 

Peptide nitrogen, in bile 654 

- m gastric juice 649 

Peptide synthetases 386 

Pcptidyl-amino-acid hydrolases 386,405,408,409 

Pcptidyl-peptide hydrolases 386, 405 sq. 

Perch (unit) 200 

Perch, composition 515 

Pericarditis, scrum enzyme changes 587 

Period (periodic time) 225 

Periodic system of the elements 231 

Pernicious anaemia. See under Anaemia 
Peroxidases 361,362 

- in milk 689 

- in thyroid hormone formation 440, 726 

Peroxide haemolysis test 466 

D-Pcrseulose 311 

Persimmons, composition 501 

Pertussis vaccine, standard 759 

PctroscUnic acid 369 

PFA (phosphofructaldolasc). See Kctosc- 

1 -phosphate aldolase 
PGDH. See Phosphogluconatc dehydro- 
genase 

PGE, PGF. See Prostaglandins 

PGK, See Phosphoglyceratc kinase 

PGluM, Sec Phospboglucomutase 

PGM. See Phosphoglyceratc phosphomutasc 

pH value 278 

- of bile 654 

- of body fluids 527 

- of buffers 280 sq. 

“ of cerebrospinal fluid 635 

- and enzyme action 382 

- of faeces 657 

- of gastric juice 647 

- of intestinal juice 656 

- of milk 688 

- of pancreatic juice 651 

- of saliva 643 

- of semen * 682 

- standards • • 278, 279 

- of sweat 679 

- of synovial fluid 640 

- of urine 662 

PH (prolactin hormone). See Prolactin 

Phagocj’tcs in synovial fluid 640 

Pbe. See L-Phenylalaninc 
Phenacctylglutaminc. See Phcnylacctylglut- 

aminc 

Phenol in urine * 

- esterification as sulphate 44 d 



~ in urine 


Phenolic acids in coffee 509 

Phcnolphthalcin indicator 283 

Phenol red indicator 233 

Phcnolsulphonphthalcin (PSP) test .... 532,533 

Phenotypes, blood-group 626 sq. 

Phcnylacctic add, detoxication 445 

Phcnylacctyl-cocnzymc A in detoxication of 

phcnylacctic acid 445 

Phenylacctylglutaminc, formation 445 

- in urine 666 

L-Phcnylalaninc (Phe) 332 

- accumulation 448 

- in blood 448,574 

- in blood proteins 581 

- in cerebrospinal fluid 448 

- decarboxylation 394 

- degradation 393,402 

- dietary requirements 496 

- in foods 516 

- in milk 688 

- in saliva 645 

- in sweat 6S0 

- conversion to tyrosine 439 

- in synthesis of ubiquinones 466 

- in urine 667 

Phenylalanine 4-hydroxylase, in phenyl- 
alanine degradation 598 

- in phenylketonuria 448 

Phcnylcthanolamine Ar-mcthyltfansfcrase in 

adrenaline and noradrenaline formation . . 440 
Phenylcthylamine, formation from 

phenylalanine 594 

Phenylketonuria 44S,4.t9 

Phcnylpyruvic add in urine 443 

PHI (phosphohexose isomcrasc). See 
Glucoscphosphate isomerasc 

^ 

Phosphatases 40a, 415, 416 

Phosphatase, acid jlJ 

- " ^Hotypy 634 

--in bile 

- - ^ . 

— - in plasma 

effect of muscular work 

— in saliva 

— in semen....... 

— in synovial fluid , 

— units and conversion factors * • 

, . . 6/2 

— in urine * 

— alkaline 

— 

and bone growth in children " 

in gastric juice 

- - ^35 

-"1" ;i5,596 

in heart disease 

in liver disease 

effect of muscular work 

*- - - in "^5 

in saliva 

- in semen 

in synovial fluid 

- units and conversion factors ^^2 

in urine ^.,0 

- in fructose formation 

- in intcrconvcrsion of glycogen 

phosphorjdasc 

- in vitamin B® intcrconvcrsions • • • ^ 

Phosphate {see also Phosphoric tsUrs crJ Ph os- 
phorus), in biological energy trans- 
formations 

- in blood, buffer capacity 

- - inborn disturbance • • * 

- corivcrsion factors. 

- in DNA synthesis 

- excretion ^"^’•’29 

- calcitonin and 

index 

parathyroid hormone and 

- in gastric juice ‘ 

- glomerular filtration and excretion 

- in lipids 

- in pancreatic juice 

- in sweat 

- in synovial fluid 

- in urinary’ sediments ^^^*376 

Phosphatidal ff- 

' '456 

- 

- in bile 



A aetiiled index to the lUtisticil txblej (p,gej 28-lJl) »nd charter oo Stiti«i«al Methodi (pagei 146-196) will be found on page* 197-198 


Pbotphatidet, inbnin . 


Phospholipaje* 417 

- In penctteuc (uice ^*2 

Pboepholiptse A... .................. 41T 


PbTiical effort, beats. . 

— leucocyte count. . 

--pH talus 

— pfotcms 

— - ipecific gravity . . . 




In aalm ■ . • • • • 644 

6ii 

in ipinal cond > 610 

tiruetuts and hydtdyiii 417 

in lynoTial fluid . ........ .642 

in ihtombocytsa ... . 6 qi 


I 

Pboaphomonositctaasa .......... iB6. 406,416 

4'.Pboapbopantstlisin In coeiixytDS A 

fonnaiion... 487 

4'-Phoip)>^>aotottiemC uid ut cosnayme A 

fottnattoa ........... ... 487 

4'.Pbo*pbopafltoibsnylcyateuis m cosozyme 
A (onnatioo . . . ...... ...>>. 487 

Pboapbopyrontx. in anuno-tugat tuilaanon 424 

- in carbohydrate aynthewa and btsaltdovn , 441 

- In erytbiocytti ... 606 


-- ketone bodiei ....6M 

- - proteini 668 

Pbytanicacid .. 371 

P-cu-ti- 

Picotinie acid in tryptophan degradation ... 399 


a ^boiphiuayiuiuaiiui 


Ihloeatpins iveat See Sweat 
Pineal gland hormonea . . 


PhosphodieiMraat 
Phoiphodieiteruca (phoaphorie di 
hydrabaea) 

PbotphoeihanalaiTune, In blood 

- In lyntheiit of cepbalin 


- in laetle acid fennentaiion 

- In plaitrt 

rheapheglueonaia dehydragemie fPCOH). 
activity, teirpenturt eeneetion 

- In pentose pboephari cycle 

- In pbiini 


meraic See Riboiephoaphate 

liomerate 

6 Phoipboeiboaytamine See Kiboaybtsinc 
S'-phoaphate 

S-Pboipbonbo(yl.l-pytDplw«phate See 
D-KiboM 5'piioaphaie.l.pytopboapbate 
Phoapbooc «fM (avaCw ^iar/iiiar/), 
decmomal aoluitona 277 

Phorphotie dKtttr hydrobMi . 386.408,416 
Pboapbone eeien, in blood . , 863 

- ict eeythtocyica . , 8<3 

Pheiphoeie eater hydrobiet See 
Phoephaaxt 

Pbeapb^ie moAocaut bydrolaaea 386.4^,4]$ 


691 
3» 

- In va|lnal fluid 691 

6 i'boiy^bo.o.gluceiuie NADP esidoteduc 

taic SfcPb^phoglueonaiedebydrogmaia 
d-Phoapbogluconlc acid (npenioee photpbate 
crab 420 iq 

6 Pboipho|luconolacionc In pentoce 

phoe^lt cycle 421,422 

3 PboaphoglyecnUchydc See o-Clycct 
aldehyde 3.pho*pbate 

2 Phoephoglycerate (e glyceric acid 

2 phcwphire) 3J7 

- In carbohydrate lynibctit and hreakdovn 441 

- m etyibioeytea «$ 

- m degndiiion of fau 392 

- tn glycolyala 389 

3 Fhoaphoglyrttatt (o-glycettc Kid 

3 phoepSare) 317 

' in Carbohydrate lynthctia and hfeikdown 441 
' hi erythrocyiea t05 

- In glycolyait 3g9 

- In laliva 

- In aenne formation 432 

2 Plioapho-D-itycetaie hydro-tyaae See 

PhoapSopytuvate hydrataae 
fboaphogtyceraie kinaie (PC30. •“ 

glyeo/yiia yjq 

' *" 594 

-mtitauet jgj 

Pboaphoglycvtafe pboephooiutiae (PC Ml. in 
8»Tcolyait ygq 

- in plaima jOg 

o-Phoip^lytetaia 2.3-photphornutaK See 
rhoaphojlyeerate pboaphomutaia 
fboiphohetoae tiomttaae (PHI) Saa 
Chacoaephoaphate iiomrraaa 
S-Fboaphcdiydroaypynjric acid In aanne 

PSi^boinriaiudca jyJ 

Pboaphokuiue in mterconvemon of 
4rVe*evn phoapheiayfjae 4jj 


- pantoiida. aoaiveraion factor ini< 
phoaphorua 

- in placenta and anuuottc fluid 

- ptopamca. laotopra. etc 


- Malar. ban aod nail? 


- tbenpeutie vae 
PhoaphoryUae b activation 
Phoapbocybae limit deitnn 
FboapbocybtMQ, oaidaiiTe, in biologiei 
energy (ranaformatioan 
Phoaph^lcboline In eemen 
Phoaphoaertne in arcine foeiitarion 
Fboapbotruttfenaei 

Photon inaduiion 
Photophobia 

Pbocopic viaion quantitica 

Photoaeninhatioo 

Phivnoiu 

Phienotinlc acid Sea Orebronie acid 

Phycpcy a nma 

Phyeoetythm 

PhyUoriyibno 

Phylloquicione 

Pbractenc acid 

Phyaictlcooctanta 

Phyaieal afloat. Mood, cteatme Innate 

- - enTym* acnaltiea 

- - fructoaedipliciaphatc aUoUac 

- ' grounb boemone 

- - haemoglobin 


?icocin SceOjrytocin 

P'CtMwn See Vawpfewm 

Pituitary dwarfism See under Puatfism 


“ ‘'troJO bottnone lymbaii, 
not ■, 8“" in weight 


i». aeWoicctrc- acjJ 


-ACTH. . . . . 

adenoiine deaminaie . 

- adenylate kjnase 

- alarunc ammoiraniferaie 


- - tn pregnancy and 

- albumin globulin ta 

- alcohol debydrogani 
“ aldoitetone . 

- aJundoiuni . . 


- androstenedione .. 

- androaterone aulphate 
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Index 

A detailed index to the statistical tables (pages 28-131) and chapter on Statistical Methods (pages 146-196) will be found on pages 197-193 


Pla!;mA {(enfH), s\nf,ioicn5li\ 74t 

“ nrRlnasc 598 

- ascorbic ncitl 490, 61 1 

~ aspartate aminotransferase 593 

- bicarbonate 562,571 

- “ blood acid-base balance and 569 

- bile acids 601 

-bUirubin 362,576,577 

- in metabolic disease 454 

- biotin 611 

*- bradyklnln 742 

- bromide 563 

“ buffer capacity 527 

- caeruloplasmin 583,593 

- calcitonin 729 

- calcium 565 

- - calcitonin and 729 

- carbonic acid, blood acid-base balance and 569 

- carnitine 573 

- carotenes 457,609 

- cations 561 

- nomogram. 562 

- ccphaltn 604 

“ chctiodcox>’cholic acid 601 

~ cblotidc 562 

-cholesterol 456,600,601,603,604 

- cbolcstcrol esterase 414 

- choline 575 

- cholinesterase 414,595 

- chorionic gonadotropin 715 

- chylomicrons 602 

- citric acid 607 

- cobalt 566 

- colloid-osmotic pressure 526, 558 

- copper 566 

- coproporphyria 575 

-corticosteroids 745 

- protein binding. 428 

- corticosterone 745 

- cortisol 716, 745 

- cortisone 745 

- creatine 572 

- creatine kinase 594 

- cccatinlnc 531, 572 

- - and glomerular filtration rate 531,532 

- dchydroascofbic acid 611 

- dehydroepiandcostcronc sulphate 752 

- dehydrogenases 590 sq, 

- dcoxycholic acid 601 

- ll-dcoxycortisol 745 

- deoxyribonucleases 597 

- dextran expanders 530 

- dihydiocholestcrol 601 

- dihydroxycholanic acids 601 

- dry substance 561 

- electrolytes 523 

- - conversion factors 523 

- enzymes 585 sq. 

allotypy 634 

— ’ maintenance. 585 

- enzyme activity gradients between tissue 

and 586 

^ - crgothioncinc 573 

' - erythropoietin 740 

' - cthanolaminc 573 

- fats 374 

- fatty acids 600,601,603,604 

- fibrinogen 579, 582 

- flavinadtmnc dinuclcotidc 609 

- flavin mononucleotide 609 

- flow rate, into small intestine 656 

into stomach 650 

- fluoride. 563 

- folic acid 479,610 

- folinic acid 479 

- freezing-point depression 526,557 

- fructosediphosphate aldolase 599 

- fucosc 

- fumaratc hydratasc 599 

- globulin fractions • 582, 583 

- glucose 605 

- osmotic activity 526 

- giucose-6-phosphatase ................. 597 

- glucose-6-phosphate dehydrogenase 592 

- glucoscphosphate isomcrasc 600 

- glucuronic acid 605 

- p-glucuronidasc 597 

- glutamate dehydrogerwse 592 

- glutathione reductase 592 

- glyccraldchydc phosphate dehydrogenase. 592 

- glycerol 

- glycerophosphate dehydrogenase .... 

- glycolaldchydctransfcrase 

- glycoproteins 


607 

590 

593 

606 


Plasma, glyoxaltc acid 607 

- growth hormone 719, 720 

- guanidino.'icctic acid 573 

- guanine deaminase 598 

- haemoglobin 576 

- - haemoglobin excretion and 671 

- otj-haptoglobin 583 

- hcp,afin 606 

- hexokinase 594 

- hcxosamincs 606 

- hcxoscs 606 

- histamine 575 

- a-hydroxybutyratc dehydrogenase 591 

- P-hydroxybutyric ncid 608 

- 17-hydroxycorticostcfoids 745 

- hydfoxy’prcgncnooes 754 

- 17a-hydroxypfogcstcronc 754 

- hypoxamhinc 577 

- L-iditoI dehydrogenase 590 

- indolyl-3«acctic acid 575 

- indolyl-3-lactic acid 575 

- 3-indoxyIsulphuric acid 575 

-insulin 735,736 

- iodine 564, 726 

- iron 566 

- iron-binding capacity 566 

- isocitratc dehydrogenase 591 

- kerohexokinase 594 

- kctosc-l-phosphatc aldolase 599 

- il^-3-kctostctotds 745 

- kinins 742 

- lactate dehydrogenase 590 

- lead 567 

- lecithin 604 

- leucine aminopeptidasc 598 

- lipase S95 

-lipids 600 sq. 

- - fatty acid composition 604 

- - in pregnancy and post partum 691 

- lipid phosphorus 563 

- lipoic acid 608 

- lipoproteins 583,602 

-lithium 567 

- lysolccithin 604 

- oca-macroglobulin 583 

- magnesium 566 

- malate dehydrogenase 591 

-malic acid 607 

- manganese 567 

- mclanotfopins 722 

- mcsoinositol 605 

- mcthylcobalamin 484, 610 

- 1-mcihylnicotmamidc. 610 

- 5-mcthyItctrahydrofolic acid 479 

- molarity and molality 271 

- myoglobin, myoglobin excretion and .... 671 

- nicotinic acid 477,610 

- nitrogen 572 

- nonprotcin nitrogen 572 

and glomerular filtration rate 531,532 

— . and renal inulin clearance 532 

- notadtcnaline 731,733 

- 5'-nucIcotidasc. 597 

- nucleotides 577 

- oestrogens 756 

- oncotic pressure 526 

- ornithine carbamoyltransfcrase 593 

- osmolarity 271,526,557 

and urinary concentration 533 

- osmotic pressure 526, 557 

- oxalic acid 607 

- oxytocin 723 

- oxy'tocinasc 598,723 

- pantothenic acid 611 

- parathyroid hormone 728 

~ pentoses 605 

- pepsin 598 

- pH value 560 

and blood acid-base balance 569 

- phosphatases, phosphocthanobmine 

excretion and 668 

- acid phosphatase 596 

- alkaline phosphatase 596 

- in bone destruction 415 

- phosphate 563 

— ■ inborn disturb-ance 452 

- phosphatidcs 601 , 604 

- phosphocthanobmine 573 

- phosphoglucomutasc 595 

- phosphogluconatc dehydrogenase ....... 59 1 

- phosphoglyccratc kinase 594 

- phosphoglyccratc phosphomutasc ....... 600 

- phosphopyruvaic hydratasc 600 

- phosphoric esters - 563 


Plasma, phosphorus 563 

- placental lactogen 721 

- plasmalogcns 604 

- plasmin. 410 

- PORTER-SiLBER chfomogcns 745 

- potassium 564 

- potossium exchange 526 

- prcgnancdiol 753,754 

- prcgnanctriol 745 

- progesterone 753,754 

- proteins 579 sq. 

- allotypy 634 

- in bile 655 

- calculation of ionized calcium from. . . . 565 
cation concentration from specific 

conductivity and 562 

■ — conversion factors 276 

in faeces 289,659 

- in neoplastic disease 5S1 

■ — osmotic activity 526 

- in pregnancy and post partum 691 

- - in semen 

- protein-bound iodine 564, 726 

- protein nitrogen 572 

- protein sulphur • • • 563 

- protoporphyrin 576 

- unconjugated pterins 610 

- purines ” * ' 

- pyridoxal phosphate 610 

- pyruvate kinase 

-^nin 593.741 

- riboflavin 

- ribosephosphate isomcrasc 

- sialic acid 6w 

- Pt-stderophilin 

- sodium 

- sodium exchange 

- specific conductivity ; 

- cation concentration from protein ^ 

content and • • * 

- specific gravity 

- specific heat 

- sphingomyelin ^ 

- succinate dehydrogenase 

- succinic acid ^ 

- sulphate • ' 

- 6-sulphatoxyskatolc ...... ‘.’563 

- sulphur. 

- thioc>’anatc 2,- 

- thyroid hormones. ’~18 

- th>-rotropin Vl 

- tocophcrols 

- transcobabmins >X, 

- triglycerides ^ 

- trihydroxycholanic acid 

- tri-iodothyronine binding 

- triosephosphate isomcrasc. 

- tr>’psin-mhibiting capacity 

- ubiquinone-SO 



- - osmotic activity 

- - glomerular filtration rate and . . . • • 

- uric acid 





-vasopressin 

- viscosity 

47S’60^ 

- VjtammB, '^lO 

- vitamin ‘ 'j,,, 

- Vitamin D *466 

- vitamin E. ’ * ' 

- volume 

- nomogram 

- - tracer study 

6^,651 

- weight gain m ^-7 

- xanthine ' e,a 2 

- xanthine oxidate 

- 

- zinc.... 

Plasmac^-tcs in bone marrow 

Plasmalogcns - ’^,15 

- in ccrcbrospin.al fluid 

- in erythrocytes 

- in plasma 

- in spermatozoa 

Plasmin 
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’Usminogen • " 11? " * ' ' ' I" 

plasmin ftotn » . • •• ^22 ■ ■ ■ ^ 

m synoaial fluid , 

PlastnoCTteiinbonemattow 621 . „ . . 

I’lismolysia unie...... o-S 

Platelett. Sc* Thrombocytes 


- gsmtepteenartcy... 

- propertiet,«*oto{ie*,«i 

- lit purine formktion 




- in tynosui flusj 

> ui teeth • ■ 

- in thtomho<7t« . , 


Potistn>in-42.<hatactenirics 

- decay table • •• < 

- gtmnu ray conacam . 

routsium acetate aolonoos, conrcnioit 


rotastium bieatbonjie tolutiotis, c 


endcoeens . ...... 



caeruloplasmin .. . 



carotenes 



changes . . 


"i'eoi 

cholesterol 


coagulation • . 



Smlma : . 



erythrocyte count 



erythrocyte sediment. 

tionra 

• • 


--fohcacid 

--glucose ...... 

- - K-gluCutonidasc • . 
“ - giyccnin . 

" “ gl>ceproteiot. . 

- - haemaiocnt • . . . 

- - haemoglobin 

protein-bound iodine 


l^nd 

Popeem, cornpoiiiioi 
Pot It, eoRtpoittion 

roiphobilmogen 

- tnerythroejnet 


- blood eopropoiphyrut 

- euunea tarda btreditstia 

- faccal poiphynna 
hepatic, porphobiltnogtr 
porphyrin eicretion 

in hilc 
in blood 


399 aq 
694 
979 K) 
499.659 


- - deeiitomtal. ... 277 

Pontaiura citrate loIuiKma, conrtraion 
factors . . 274 sq 

rotasuutn cyaitide, dccinonntl aohnions . 277 

Potiisium diebtontaie.deriAonnat solotiont 277 
rotatsium dihrdtogen phosphate a^utioos, 
pllraliact ... 279 

Pousaium o-ghMonste sehaKons, conrctsion 
factors 274t<| 

Potsuiun brdroaUe. decinetinsl aolntieos 277 
Totsssium oank, eonttrslon facioe into 
potassium JSl 

274sfl 


- vsIutiOM . conaeisicn factota 
- deciftoitial 

rousiniro permanganate, deeinormal 
aoluiioiw 

Potassium rl''’*rhates. solutions, eonrcniofl 
factors 27< 

- cRect on urinary oatnolanty and Spceifac 
gtarity 

roiattium aufphaie, effect on tinnary 
osmnUtsty »"d ayeoSc gnsny 

Poiassiuin tartrate, decusortnal aolutjona . 


277 


- - pt^/phite ... 

" * phespbitides .... 

- - pbospheethanelamine 

- - plieenol lactogen 
“ ■ pttgnanediol . . 

- - proitWit .... 

- - renin-angioteiMifi 

--thiamine. . 

- - laeopberola 


- sslcium requirttnent 

- asyihroeyte lodium 
” eeyihrepoietii .. . 


PorpHyrcpsift 


Potietior pituitarr $ 
rotasiiuTTi. in amriKM 




lOaods 


sweet, etxnposiiion ^ 
Potemial difftience. eleetiic 
Pcadtry. eomposnion 

- •apothee«»’es‘ 


roynimg rector 
Pr See Prtseodrmum 
Praseodyaiouns. Same lines 

- propertica. isotopes, etc 
Pitalbumio. anuno acid compoaitjon 

- in ctcebits^unal fluid 

- (haraeferisuci and fuKtion 


- thyroamc bn 
Predtitaoloaie 

- bwlogKslact 


“ trfihrocyrea . ’ 

:;L°1S ' 

- “• leueocyiei . 

*“ - mefancuopin. 

- ' •-tnetbyl-2-pyndone S-eatborvlaini 
~ oestrogeni _ 

- ' oesitogen ineu(i,l„e, 

" rrrgnaoedrol 
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Pregnancy {tentti), vitamin D 464 

- - poisoning 464 

- - requirement 461 

- weight gain 690 

Pregnane 381 

5a»Prcgnancdiol. See a*AlIoprcgnancdiol 
50-Prcgnancdiol 380 

- in meconium 754 

-in plasma 753,754 

- from progesterone 753 

- in urine 754 

5a-Prcgnanc-3a,ll(i,17a,203,21-pcntol .... 379 

5(i-Prcgnanc-3a,l 13,17a, 20a, 21*pcmoI .... 379 

53-Prcgnanc-3a,tl3,17a,20a,21-pcntol .... 379 

53-Prcgnanc-3a,113,17a,20p,21-pcntol .... 379 

Prcgnanctriol 380 

- breakdown 746 

- in plasma 745 

- scactlon 745 

- in urine 747 

53-Prcgnanc-3a,17a,20a'trio!. See 

Prcgnanctriol 

Prcgnanolonc 380 

- from progesterone 753 

- in urine 754 

Pr‘cgn“4-cnc-3,20-dionc. Sec Progesterone 

Pregnenolone 380 

-biosynthesis 401,428,429 

- production rate 753 

PrckalUkrcin 742 

Premature infants, blood, amino acids 574 

- — ammonia 573 

- - aspartate aminotransferase 593 

bilirubin 576 

- - cations 561 

fructosedipbospbatc aldolase 599 

- - glucose 605 

- lactate dehydrogenase 590 

- blood pressure 553 

- cerebrospinal fluid, leucocyte count 635 

- protein 637 

- ctyihroblastosU 612 

- erythrocytes, lifetime 616 

- - mean corpuscular haemoglobin 615 

- treatment of rickets 464 

- urinary concentration 662 

- urine, amino acids 666,667 

- - creatine 665 

- - creatinine 665 

- - proteins 668 

- - volume 661 

- vitamin B deficiency 466 

- vitamin K therapy 468 

- weight gain 692 

Pressure, standard atmospheric 212 

- units 211 

- values, correction 255 

Pretzels, composition. 503 

PRF (prolactin-releasing factor) 725 

Primaquine sensivity, enzymes in 592 

Prime numbers 9 

Pro. See L-Prolinc 


Probit transformation 54,55,163,164 

Procaine bcnzylpcnicillin, reference 

preparation 762 

Procarboxypeptidases in pancreatic juice . . . 652 

Procarboxypeptidase A 409 

Pro-ctythroblasts 612 

Pro'Ctythrocytcs. See Rcticulocj’tcs 
Progestagens. See Progestational hormones 

Progestational hormones 379, 380, 753 sq. 

- accumulation 456 


Progesterone 

- biological activity 

- biosynthesis 

- effect on gonadotropin secretion 

- in plasma 

- production rate 

Proinsulin 

Prolactin 

- chorionic growth-hormone 

- standard 

Prolactin-inhibiting factor 

Prolactin-releasing factor (PRP) . . . 

Prolamines 

Prolidase - 

Prolinase 

D-Prolinc degradation 

L-Proline (Pro) • - 

~ in blood 

- in blood proteins 

- degradation 

- in foods 

- formation 


. 380,753 sq. 
754,755,758 
.... 428,429 

714 

.... 753,754 

753 

735 

.... 718,719 

721 

762 

.... 719,725 

725 

329 

.... 408,410 
.... 408,410 

395 

332 

.... 449,574 

581 

394,395, 402 

516 

432 


L-Pfolinc, hydfoxylation, ascorbic acid in. . . 490 

- in milk 688 

- in saliva 645 

- In sweat 680 

- in urine 449, 667 

Promethium, properties, isotopes, etc 240 

Promyelocytes In bone marrow 621 

1,3-Pfopancdiaminc in semen 684 

Propanoic acid. See Propionic acid 

Propcnoic add 368 

Propentdyopems...., 364 

Propionaldchyde from a-mcthyl-/i- 3 laninc . . 401 
Propionic acid 366 

- in blood 607 

- in cholesterol degradation 401 

- in faeces 660 

- in valine degradation 396 

Propionic aldehyde in valine degradation. . . 396 

Propionylcholinc, hydrolysis 414 

PfopIonyl-CoA-catboxylasc, biotin in 487 

Pfopionyl-cocnzymc A, in a-amtnobutyric 

acid degradation 396 

- in dcgrad.allon of fats 392 

- in isoleucine degradation. 396 

- in a-mcthyl-P-alaninc degradation 401 

- in rtorlcucinc degradation 396 

- in L-thrconinc degradation 397 

- in valine degradation 396 

Propyl red Indicator 283 

Prostaglandins 373,492 

- in semen. 685 

Prostate, carcinoma, scrum acid phosphatase 596 

- 5'-nuclcotidase 418 

- secretion 682 sq. 

- weight 710 

Prosthetic groups 382, 385 

Protactinium, properties, isotopes, etc 246 

Protamine, reference preparation 763 

- sulphate, haemorrhagic diatheses and .... 623 
Proteases. Sec Proteolytic enzy'mes 

Proteins 329 

- in bile 655 

-biosynthesis 353,354 

- in whole blood 579 

- in whole body, gain in pregnancy 690 

- in body fluids 523 

- in brain and spinal cord 520 

- calorific value and respiratory quotient for 539 

- in cerebrospinal fluid 637 

- conversion factors 523 

- dietary requirements 493 sq. 

- enzymes attacking. See Proteolytic enzymes 

- in erythrocytes 579 

- in faeces 659 

- in foods 498 sq. 

- in gastric juice 650 

- — urinary concentration and 534 

- intake, blood urea and 572 

- in intestinal juice 656 

- ionized, buffer capacity in blood ........ 527 

- in leucocytes 579 

- metabolism, effect of corticosteroids 749 

effect of growth hormone 720 

effect of oestrogens 757 

- effect of testosterone 752 

water from 524 

- in milk 511, 688 

- nitrogen, in blood 572 

conversion factors 251 

- in pancreatic juice 652 

- para-. See Paraproteins 

- in plasma. See Plasma proteins 

- in saliva 645 

- in semen 684 


- in scrum (see also Plasrta proteins) .... 579, 582 

- sulphur, in blood 563 

- in synovial fluid 641 

- in thromboq'tcs 579 

- in tissues 522 

- in urine 453,668 

Protein-bound carbohydrates. See 


Glycoproteins 

Protein disulphide reductase, insulin 

degradation by 736 

Proteinuria in cystinosis 449 

Proteolipidprotcin in brain and spiiwl cord . 520 

Proteolytic cnz)*mcs 405 sq. 

- in gastric juice * ^50 

- in pancreatic juice 652 

- precursors - 406, 407 

Prothrombin 6 ^ 

- deficiency' ‘ 1 

vitamin K and 467, 468 

- thrombin from - 410 


Prothrombin time, 625 

Protocollagcn 432 

Protohacm. See Haem 

Proton, charge: mass ratio 229 

- Compton wave length 229 

- gyromagnctic ratio 229 

- magnetic moment. 229 

- mass 229 

- rest mass 229 

Protoporphyria, erythropoietic 455,576 

Protoporphyrin 355, 358 

- in erythrocytes 455,576 

- in faeces 659 

- in haem synthesis 454 

- in scrum 576 


Protoporphyrinogen in haem synthesis 454 

Provitamins 461,462 

Provitamin, animal. See 7-Dchydro- 
cholcstcrol 

Prunes, composition -01 

PS (metric horsepower) 214 

PscudohyperparaihyToidism 72S 

Pseudouridinc ^-4 

- ins-RNA 251 

- in urine 

pscudovitamin B,- 483 

Psicosc (D-allulosc) 211 

Psoriasis, uric add excretion ^'1 

PSP (phcnolsulphonphthalcin) test .... 532,533 

Pt (pint) 204 

Pt. See Platinum 

PteGlu, (ptcroyltriglutamic acid) 4^0 

PtcGlu, (ptcroylhcptaglutamic acid) 4S0 

Ptcridines, folic acid synthesis from 4^ 

pterins, unconjugated, in bloi^ . 

Ptcroylglutamic acid. See Folic acid 

Ptcroylhcptaglutamic acid (PicGlut) 

Ptcroyltriglutamic add (PtcGluj) 

Pu (plutonium) - 

Puberty, bone development and ...... 

- pseudo-precocious, and ossification ...... 

Puerperium, urinary' creatine eli M4 

Pulmonary drculation * • • 

- embolism, serum enrywe changes 

- resistance “ * * * kjo 

— ■ in children, determination 'jij 

- - values 

Pulsatancc units 

Pumpkins, composition 

33S 

Punnes Ui’ 

-biosynthesis 433 

- in blood 

- in faeces ^-g 

- folic add synthesis from ioOsq 

- metabolism ^53 

inborn errors 

- in urine 

Purine deaminases 

Purine nudeoside phosphorylasc • ♦ 

- in purine degradation 

Purine oxidases ^^5 

Purpura 

Purslane, composition • 

Putrcscinc, formation from ornithine 

- in semen 

PVI, See Polyvinylpyrrolidone 
Pyelonephritis, chronic, fluid deprivation 

test in 

Pyramid, geometry 7 ,^^ 

sq- 

Pyridine 

Py'ridinc-3-carboxylaraidc 
Pyridinc-3-carboxy’lic acid. See Nicotinic aci 
Pyridine nucleotides, in biological 
oxidations **403 

- redox potential ^74 

4-y4T^ 

- phosphate 

in blood * ’ 475 

- in enzymatic 

in glycogen phosphorylase^ . . . • 

Pytidoxal kinase in vitamin, B* inter- 


474 

- phosphate *475 

in enzymatic reactions ♦.•••• 

Pyridoxnmtnc phosphate oxidase in 

vitamin B, interconversions 474 

PjTidoxic add 

- in blood 
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kloxine 473, 474 

hotphaw In Titanun B 4 intercooTctsions 473 
tdoaiiK deh>dcogcnasc m Tiumin B, 

... 473 

1J010I See Pyrldoxine 

imidioe 336 

(ithiacnirie 469,470 


Rabies antiser»n,atx{ii]ud 760 Renal blood flov(R2F) 331 

- Tseeine, tcfeRnceptti<4nlioa .... ... . 759 ' '• *’• 

Racemaiet ... 386 ■ 1 

- TitamlnBtsnd ... ... ..... ....... 475 . 


Radioimmunological methods 290 

Radio-iodine See lodine.131 
Radioisotopes See Radtonuclides 

Rsdionuelides 217,285 aq 

-decay tables . . . . 294 iq 

- diagnostic use . . ii7 

-dosimetry .... 217 aq ,286.287 


- hiemodynanucj ... 531sq 

- inulin clearance . . 531 

- - plasma oeatuune and n onp r otein 


rm>line-5-etrtioayUiie reductase, in 

tirr'tP'oliniemia t 

in prolinesndhydroiyproUne formation ‘ 
i'-PjTftolifie-S-ettboiylie aeid, in i.ptoline 

deffsilation ; 

w prolin* and hydmayproline formation < 
rrueatc. in aleohotie fermentation . 
in sinino-tugst utilixation < 

ui blood , , . . < 

in nrbohydiate synibesii and breibdown ■ 
WdiucA of carbon dioaide ‘ 

|n tercbrospinal fluid < 

in Kyrnine degradation 
jrsteineiulphinie acid ftoitt < 

ro^tion.bycryihreeyics 1 

• by ihtemborytti 1 

in glycelytis 

xi t bydroiyprelire degradation 
■n semen . < 

jo sstine degraJaiion 
in oiidition of sugirs 

W l«t|| 

tnnufflinaiiois leaetiens 394. ■ 

«««€ 

ywrsia catbosytase, biotin m 

• m ucbohydraie synthesis 
nwleeulir SNigbe 

■^nw binase (PK), setieity gradients 

• in lljeolysit 

' bi^una 

' * sfl'et el Biuseulat srotb 


I' (quartet) 

I* (quart) 

iJundtaiie equaiiooa. solution 
^'^laietij. geometry 
(fusbty fKtoe, ladimon 
Quantum of aetitm 
Qusntum-tneehioieal unit of a 


compo««oo 

VumoamK KHi in tryptophan degndati 


' (tonelaiion eoem<iem) 

h (ttwntgtn) 

*■ (degne *ar4u„i 
Js W Radjum 

eoippoaiuoo 


Rb See Rubidium ‘ - 

RBC (ltd blood ewi) . . 6t3.6H.617 
KeE(tetanTebtologicaleflceimneit) m 
RBF<ceMl Wood flow) . .. 

RBR (rciinot binding ptosem) " aoo 

'iK^d) . . 

Ke(theiuum) .. ' 

Realnumbefs "• • ‘J* 

Reealcifictuoniime 

Reciprocals of factorials . ^ 


Reetangubr coordinate's . ‘ *' 

Red blood coon, (RBQ . IS'JJ’’’” 

-Ki-i .toikS-*"-*" 

- tn blood • • >-653 

- in crrebtospinal fluid ' “ ' • • 604,605 

- in panerestic pnee . 

- in saliTa , 

- in sweat ' ■ ••• • •••• 646 

- in synoTisI fluid ’ 

- m urine . . ‘ 

Reduction of giiTOlottea 

- protein. iq 

-- subiect tn notnuon 

RelatiTestomieowMl*;;,!.*,';** .. lldsu 

: Sr: 15^.'. . g 

5'"-. .■ 

-':“i‘:i;tn'te'“^'.:: ^:452.f.'a 


Renifj 

- In plasma . 
Renm-engiotetisin sy 


- bloe^ gaaes and 

^*P‘J*‘"7 bcufosis snd illafotie - 


Retinal.' 387 

- isomctliaiion 



II ih Retina! . 

ill 

^iftcne, "f «>ln*l 460 

•d'%fr*rriR,„nQj _ 

- isorntriiation . <58 

'l-trr Retinol .. 460 

~ iiomeniation, 

««inol binding 



Rhodium 

l^tniura properties; Wo^s. Vte' ’'3 
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UheumAtoid factor, scrum viscosity and .... 558 

Uh‘Hr phenomena and genotypes 629 

Rhiroptcrin 480 

Rhodium, flame lines 284 

- properties, isotopes, etc 238 

Hhodopsin 457 

- in isomerization of retinal 460 

Rhubarb, composition 505 

Ribitol 322 

Ribitol telchoic acids, formation 349 

Riboflavin 471 sq. 

- antagonists 472 

“ in blood 471,609 

- deflciency 472 

- dietary requirements 472,493 

- In erythrocytes 471,473 

- in foods 499 sq. 

losses during cooking 498 

- in leucoc^’ics 471 

“ In milk 689 

- 5'-phosphatc. See Flavin mononucleotide 

~ in tryptophan metabolism 475 

- in urine 471,473,676 

U'Ribofuranosc. See o-Ribose 

Ribonuclcasc (RNAase) 406,418 

- in cerebrospinal fluid 638 

- in gastric juice 650 

- isozymes 584 

“ pancreatic, reactions catalysed by 406 

- in pancreatic juice 652 

- structure and synthesis 382 

- in urine 672 

Ribonucleic acid (RNA) 351 sq. 

- amino-acid acceptor 351 

- biosynthesis 352 

- effect of testosterone 753 

~ enzymatic cleavage 406 

- dcpolymcrization 418 

- in leucocytes 578 

- messenger 351,353 

- - formation, effect of corticosteroids .... 749 

- ribosomal 351 

- soluble 351,353 

- transfer 351,353 

- viral, synthesis 352 

Ribonuclcosidcs 337 

Ribonucleotides 337 

5'-Ribonuclcotidc phosphohydrolasc. See 

5'-Nucleotidasc 

Ribonucleotide reductase, vitamin Bj- in . . . 485 

D-Ribosc 310,314 

- in bile 655 

- in saliva 646 

D-Ribosc 1,5-diphosphate 318 

D-Ribosc 1-phosphatc 317 

- formation from nucleosides 339, 340 

- in purine degradation 400 

D-Ribosc 5-phosphatc 318 

- formation from glucose 420 

- in inosinic acid fornution 433 

- in degradation of pentoses 399 

- in pentose phosphate cycle 421,422 

Ribosephosphatc isomcrasc, in cerebrospinal 

fluid 638 

' - in pentose phosphate cycle 422 

- in plasma 600 

D-Ribose-5-phosphatc kctol-isomcrasc. See 

Ribosephosphatc isomerasc 
D-Ribosc 5-phosphatc-l -pyrophosphate .... 318 

- in inosinic acid formation 433 

- in pyrimidine synthesis 439 

‘Ribosides’ 337 

Ribosomes 351,353,354 

Ribosyladcninc. See Adenosine 
Ribosyladcninc 5'-phosphatc. See Adenosine 

monophosphate 

Ribosylaminc 5'-phosphatc 342 

- biosynthesis 453 

- in inosinic acid formation 433 

Ribosyl-5-amino-4-carbox)’imida2oic 

5'-phosphatc in inosinic acid formation , . 435 
l-Rjbosyl-5-aminoimidazolc-4-catboxamidc 
5'-phosphatc 342 

- in inosinic acid formation 435 

l-Ribosyl-5-aminoimidazolc 5'-phosphatc .. 342 

- in inosinic acid formation 433,435 

Ribosyl-5-amino-4-succinocarboxamidoimid- 

azolcS'-phosphatc in inosinicacid formation 435 
Ribosylbascs 337 

- phosphates 337 

Ribosylcytosinc. See Cytidinc 

Ribosyl-5-fotmamido-4-carboxamidoimida2- 

olc 5'-phosphatc in inosinic acid formation 435 
Ribosylformylglycinamidc 5'-phosphatc 342 


Ribosylformylglydnamidc 5'-phosphatc 

in inosinic acid formation 433 

RIbosylformylglycinamidinc 5'-pbosphatc . . 342 

- in inosinic acid formation 433 

Ribosylglycinamidc 5'-phosphatc 342 

- in inosinic acid formation 433 

Ribosylguaninc. Sec Guanosinc 

.V» ' *’■' 354 


Orotidinc monophosphate 

Ribosyluracil 340 

5-Ribosylur3CiI. See Pscudouridinc 

Ribosyluric acid 341 

Rlbosylxanthinc. See Xanthostnc 

‘Ribotidcs* 337 

D-Ribulosc 311,314 

- 5-phosphatc 318 

- in pentose phosphate c^’clc 421,422 

- in urine 673 

Ribuloscphosphatc 3-cpimcrasc in pentose 

phosphate cycle 422 

Rice, amino acids 516 

-composition 508 

Ricinolcic acid 372 

Rickets 453,461,464 

- scrum alkaline phosphatase 596 

- vitamin D-rcsistant 449,452,453 

Rifamycin SV, reference preparation. ...... 762 

Right angle 207, 208 

Rinceu infusion solutions 529 

Ristocetins, reference preparations 762 

RMR (resting metabolic rate) 495 

Rn (radon) 244 

RNA. See Ribonucleic acid 

RNAase. See Ribonuclcasc 

RNA nucleotidyl transferase 352,353 

RNA polymerase 352, 353 

Robison ester. See d-G1ucosc 6-phospbatc 
Robison-Tanko ester. See D-Fructose 
1 -phosphate 

Rod (unit) 200 

Rod vision quantities 223 

Roentgen 219 

Rolitetracyclinc, standard 761 

Rood 203 

Roots (arithmetic) 132 sq. 

- square, tables 20 sq. 

Rosollc add indicator 283 

Rotational frequency units 208 

Rotor syndrome 454 

- scrum bilirubin 577 

Ro\md cells 614 

Rous sarcoma, lactic acid fermentation 388 

- respirator)' rate 387 

RQ (respiratory quotient) 539 

RSH. See Cocn^mc A 

Ru. See Ruthenium 

Rubella antiserum, reference preparation . . . 761 
Rubidium, in blood 567 

- flame lines 284 

- properties, isotopes, etc 257 

- in synovial fluid 641 

Rubidium-86, characteristics 292 

Rum, composition 509 

Runs 194,195 

- tables 129,130 

Rutabagas, composition 506 

Ruthenium, flame lines 284 

- properties, isotopes, etc 238 

RV (residual volume of air in 

lungs) 541,542,550,551 

Ry(r)’dbcrg) 213 

Rydberg 213 

Rydberg constants 229 

Rye, amino acids 516 

Rye bread, composition 508 

Rye flour, composition 508 


S 

o (standard deviation) 

o* (^-ariance) 

s (scruple) 

s (second) 

s“* (reciprocal second) 

/ (estimate of standard deviation) 

/* (estimate of variance) 

S. See Sulphur 

Saccharasc in intestinal mucosa . . 
— in sucrose intolerance ....... 

Saccharic acids 

Saccharides . . . 


... 158 
... 158 
... 205 
... 205 
208,213 
... 159 
... 159 

... 413 
... 451 
... 312 
308 sq. 


Saccharose. See Sucrose 

Safflower oil, composition 510 

7 Sahu percentages 615 

Salami, composition 514 

Salicj’lic acid solutions, pH values 279 

Saliva 643 sc. 

- amount 525,643 

- a-amylasc 411,645,6^6 

- corticosteroids in plasma and 745 

— cJcctroIj'tcs. ................... 525, 643 sq. 

- lipase 414 

- lysozyme 413,645 

Salmon, composition 515 

Salsify, composition 505 

Salt, table, iodination. 497 

Salts 270 

Salt-losing nephritis 662,663 

Samarium, flame lines 234 

- properties, isotopes, etc 240 

Sarcoma, lactic acid fermentation 3SS 

- respiratory rate 3S7 

Sardines, composition 5b 

SAT (Stepped Atomic Time) 207 

Sauerkraut, composition ^ 

Sausages, composition 513,514 

sh(sUlh) 

Sb. See Antimony 
Sc. See Scandium 

Scallops, composition 

Scandium, flame lines -"j 

- properties, isotopes, etc 2ja 

Scarlet fever streptococcus antitoxin, 

standard * 

ScHAPiRA cnz)'mc units 

Schick test toxin, standard ' J 

Schilling’s haemogram 

Schilling’s test 

Scintigraphy, th>'Toid 

Scintillation counters 

Sclerosis, multiple, cerebrospinal fluid 

Y'globulin ^ 

Scotopic vision quantities 

Scruple 

Scurvy 

Sq’llitol in urine jt ’ V 

SDH (sorbitol dehydrogenase). See t-Iditol 
dehydrogenase 

Sc. Sec Selenium , 5|- 

Sea foods, composition 

9, lO-SecochoIesta-5, 7, 10(19)-trien-33-oI. See 

Vitamin Dj 

Scco-compounds ^05 so 



- reciprocal 203 

Second (angle) 651*73'^ 

Secretin *652 

Secretin test 

Sccrctors of ABH substances 

Sedimentation constants of plasma proteins^ 

Sedimemation rate, erythrocyte 311*31^ 

D-Sedohcptulosc * 

- 

in crj'throqtcs 

- 7-phosphatc ‘ 

in pentose phosphate cycle “ ' (“i 

- murine * 

Scdohcptulo5c-7-phosphatc:D-glyccraIac- 

hydc-3-phosphatc glycolaldchydctrans- 

ferase in plasma ^20 

Segmented cells, in blood ' ' (>'l 

- in bone marrow 377 

Sclacliolcic acid ' ’55- 

Sclcnium, in blood 

- dietary' requirements 

- in milk -'-,7 

- properties, isotopes, etc 

Sclcnium-75, characteristics 

- decay table 

Semen ' “41j; 

- 5'-nuclcotidasc 

- oestrogens 

Scmidchydroascorbic acid S 

Seminal vesicles, secretion ' ”710 

- weight 

Seminosc. See D-^fannose tf,;;; 

Semolina, composition ■' “i • V'vcf' 

Sequential an.i)j’s?s charts. . . . (msiJc ^ 

Scr. See L-Scrinc yc 

L-Scrinc (Set) 571 

- in blood * 5'! 

- in blood proteins 

- cell constituents from 3'! 

- 

- degradation 
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1* bT4fOtyt«thjltnn»feo»e, in glyeine 

ii-StroravcotJ See «,-G1)C<i>n««in,»cid 

ierotonin. in bltxxl 

* m cerebrctpinxl Suid ... ... 


- end heemorrheg’C dietheice 623, S24 

• in pineet glend . . 730 

- Inthrofnbocytei STS 

-taurine. . 669 

Serum(jm//en</ar<),i1bumin-globu]innrio SS2 

- a tanno ieUe ta piixrrA xai . 373 

- taxyme eetirities in pletaie end 5S6 

- prateini 579,532 

- - fnctiooi 582 

- epeeiBe grtriry 557 

- thrombin 
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tistieil tablM (p»ges 28-tJl) ind chiptet on Saosual Method* (psgei 


SmaJlpox eftliMtttn, Uandicd . . ..... 760 

- Txeme. tefctcocc pttpxrxtion . . . 759 

Sn See Tin 

Sniiti, ci»ni<oti»on . .. .... .. SIS 

So»p*.. « . ••• • 365 


<W 

558 


Serum group* ' 654.809 

Scrum uriier, (Icetroiyt* cernminon 523 

SCOT (Ktum glutim*i<^ul>ectite lnn>. 

tmintte) See Aipirtirc iminoinniTente 
50^ (Mrum gluttrrute-pTTUtire truni 
tmmiw) See AUnine iminotnntfente 
ihrvt(iheinbuit>irtd«cighO 205 

Sheep'i tnilb, eorrpotltinrt Sit 

Shinowai* eniyme uuli S8i 

Short ton 20$ 

Shoulder, eceendiry etiideation ceflirct 706.708 
• viditi during growth 695 h 

Shruwf*, eetnpotiiion 5t5 

thin (ihori toK^ 205 

Shunt telumc. Ininpuimoniry 54* 

St Sc« Sibeon 

St (Tnnmiiionii Scticm of (,'niii) 200 ki 

SiAiKiod* 311,316 

/ - effett on eieettopboretie mobility of blood 


- inelrcUolyKbkbnce . .. ..... 325 

- mcrythio^Kt . ...... 565 

- ci(h*ngeible . . SI8.S26 


. tn grtinc Jux* • • 649 

- glonKniUr fihnrion and eietetion . S36 

- mbfurendKAilt . .520 

- in iniettiml |uice . 656 

-iniiulk ..688 

-Mitnutele $14 

- in ofg»n» 519 

. in janereitie luiee 652 

. in pUeema $22 

. inpUtm* $65 

- gem m pregnancy 690 

- propertie*. Motofxa, eie 234 

- in uliea 644 

• inaemen 683 

- in ehln 520 
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$odiuin*22.ehanetetiitKa 292 

- decay rab'e 294 

• gamma nveomtant 221 

SodiunuTS.apeeifietminy 5V7 

- ehiracicntiKi 292 

. deeae table 294 

- gamma ray eonaiani 221 

Sodium acetate, bufTet 280 to 

- tolwttoni, eoneemno fartort 274 iq 

- - pilTalue* 279 

Sodium ammotalieylaic, aolutiona, 

eonrcnKMi fKwa 274 (q 


146-196) tvill be found on page* 197-198 

Sodium oiiJe.coneersion factor into jodium 255 

- tolawons.conaeBionfaMcits ... . 

Sodium phosphates, *olutions, conversion 
factor* 

- deemotcrai ■ 

--pll value* •279 

Sodium ulicylate tolutlona, conversion 

factors . ...... . 

Sodium Julphate solutions, convtrtion 

factor* *1 

Sodiumtulphide.decinormal solution* . -• ^7 
Sodium tetraborate, decinocmal *oIutiona 277 

- decahydraie. See Borax 

Sodium thiosulphate lotutions, conversion 
factor '^^.*3. 


fact 

. - decinonnal 

- efleet on urinary cnmolanty and tcc^c 
graairy . _ 

Sodium bnolphale tollmans, pH valuta 


- concentraPon. rncaturca .. . ...* 271 

- - tempcratufC variation 25» 

- dccinormal. of reagenti 277 

- diasocittion 278,279 

- ideal and teal ... . . 270 

-infusion See Infusion solution* 

- isolonic See Iiotomc solutions 

- osmotic properties . . . 279.271 

-viscosity . 214 

Somatotropic hormone See Growth 

hormone 

Somatotropin See Growth hormone 
Somatotropin-releasing factor • • . . 220 

SouMtarglP fine-strucrure constant . . . , 228 
SeuoovttNiyintwiits ■ 564 


b Soriosc 
Sound levels . 


SrtAau eottelalion. e^<5«i*.vs. 

SpeeiBe activity of nuclides 
- gamma ray eontlant , 


279 


iiiAiuiaiiou, vitamin B,, m 

- number and itructure . , 

- propeitic* ... 
Spermidine, In blood 


8, Sidcrc^ilMt See Tnnifetf 


' prT«ct>M laoropei., 


Sodmni carbonate, Imlbr . ' van .5 

- aohuwna, decmoeinal ' 2?, 

■ g; 

.a«i«un eWwide, <i»,«,uciti fcetot. mto ■ 

ehJorw , . , • 

- - tirao aodium ' • ~} 

- lohmont. calcuUiim . 

- - .on.»T«o« freaora 

- - deci00.TO| . 274 iq 

- - fovmfuaaoo . 

■ eopegaruy a^ tpeufie 

SodwmeiimK.w;,, , /; • • 1! 53$ 

-jolufiWi.oinveraAimfKtoet 274 

Sodumdil)vdn>genplioaphite,»(«,«on ^ 

, '‘,™“7«»n»*»',yaMap*eifeitrarirT .. 5H 

- -pHvabrt**’'','’'^'^’’®^' •• ^ 
SodvRilanaKW^iaMna.coevvtsKiei' ' ’ 


456 


274 aq 
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- thrombocyte oimoiic tciiiiance . . 

Thrombo-eU.iograph 

TTirombo-cmboUam, blood teagulaiion 
Thfombofiathy, thtomboeyte eimetie 

tctiitanee 

TTirembopenie purpura, ihrombocyie 
Tolume . . . . > . . 


monophoiphaic 
IbyiTiKie 
- degradation 


reinhydro<L 

rcuibydro-F 

rctnhydrefolaie dehydiogen.' 
pbenylaluunc-tyroaiM cone 
in tetrahydrofolie acid lynih 
THfahydrofoI.c acid (Tmi 


Tccnhvdro-S 

la.113 17x21 TcttahTdroiy Sn pmj 
on* St« AllotetraJiTdiocoroiel 
la n3,niJl.Tmih»dtoiT.53 pm| 


Thonum, propemea. laolopca. »«i 
TWram A ("•Po). peopcnica 
Tbotium B (••’Pb), pco(«ttiea 
Tboiiuni C (’"Bi). propeniea 
Thoriuto C ( *“ 1 * 0 ) . propeniea 
Tbotiuin O' (***71). propeniea 
Thorium X (•••Ra), propeniea 

- action of coeticoaieroida 
Thofon {••'Rn), propeniea 
Thr 5ee .•'Threonine 
L-Thrconinc (Thi) 

- u\ blood 

- in blood protemf 

- dietary lequiremenia 

- m foodi 


Thieonme akfelaac, anJinm B«and 
o-Thceopenmloae See p-Xybdoae 
.‘Threopentuloae Sec a Xylulocc 

Tbcoccbo-aathenu.eirrct on blood 

- adenoauic liiphoaphalc 


Thyloid, cilcttocuA (com 

- diKiae. diagnosia 

- function, craluation 

- lalirary Iodide and 


- iodine upule 
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- •»t'Rht 

Thyroid hormone. . 2 

- in plaima 

Thyroid iiimulitmg globulin (TSG) 
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Thyrotropin 
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Thyrotropic hormone Sec Thyrotropin 

Thyrotropin relcinng factor .. 

0- 'Thyto.ine.biolagic.l.ctirity.. ...... 

1- Thyto.ine (T.) 3 
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L-Tl^yroxinc {(ontd), binding cnpacity of 

plasma for 726 

~ biologicnl activity 727 

“ m blood 288,726,727 

- In cerebrospinal fluid 636 

- in faeces 727 

- in liver 727 

- metabolism 288 

- effect on thyrotropin secretion 718 

"niyroxinc-binding globulin 726 

Ti. See Titanium 

Tick-borne encephalitis nntisera, reference 

reagents 764 

Tidal volume, respiratory (Kr) 541,550 

Tiglicncid 371 

Tiglyl-coenzymc A in isolcucine degradation 396 
TIM. SccTriosephosphatc isomcrasc 

Time units 205 sq. 

Timnodonic acid 370 

Tin, in blood 567 

- in faeces 658 

- flame lines 284 

- properties, isotopes, etc. 238 

- in urine 664 

Tin-113, characteristics 293 

Tissues, active mass, and BMR 539 

- adipose, enzyme activities 585 

- effect of insulin 736 

- - lactic acid fermentation 388 

~ - respiratory rate 387 

- buffer capacity 527 

-composition 517 

- enzymes 584 sq. 

- norifatty, metabolic water 524 

- organic components 522 

- respiratory rates 387 

- soft, radiation absorption 220 

Tissue-specific enzymes 584 

Titanium, flame lines 284 

~ properties, isotopes, etc, 235 

- in urine 664 

Tl. See Thallium 

TX-C (total lung capacity) 542 

Tm, See Thulium 

Trt (renal function) 533 sq. 

Tocochfomanol-3 465 

Tocol 465 

Tocols 465 

Tocopherols. See Vitamin E 

a-TocophcroI 465 

- in foods 499 sq. 

Tocophcrol-likc compounds 466 

Tocopheronic acid 466 

Tocophcronolactonc 466 

a-Tocophcrylquinonc 466 

Tocotrienols 465 

Tolerance limits 150, 152, 154 sq. 

- tables 128 

Tomatoes, composition 506 

losses during cooking 498 

juice, composition 506 

. 205 

Ic 204 

n-foicc) 211 

211 

composition 512,513 

212 

; 'frma antiserum, standard 760 

4 (triphosphopyridinc nucleotide). See 
icotinamidc-adcninc dinuclcotidc 


losphatc 

See Thiamine pyrophosphate 

rov measure) 

isaldolase in pentose phosphate q’cle 421 , 

isaminascs. 

I bile 

. plasma 593, 

tamin and 


isaminations, in amino-acid 

. 393,397-399 

tamin B« in - . . - 

iscarboxj'lation, biotin in ... . 
ascobalamins in scrum 

475 

486.487 

484 

ascription of DNA code 

352,353 

385,386 

■■ 289 


ssi 


655 



659 

645 

.684 


205 

422 

394 

655 

594 

475 


Transferrin, in scrum 580,583 

- and scrum iron 566 

- in urine 668 

Transferring enzyme in tricarboxylic acid 

cycle 390,391 

Transfer UNA 351,353 


Transfusion, exchange, scrum bilirubin as 

guide 577 

Transfusion reaction, haemolytic 632 

Transkciolasc, in pentose phosphate 
cycle 421,422 

- in plasma 593 

Transkctolasc test in thiamine deficiency 470, 471 

Transmural pressure, vascular 544 

Transudates, electrolyte content 525 

Transuranic elements, properties and 

isotopes 248 

Trapezoid, geometry 142 

TRF (thyrotropin-releasing factor) 718, 725, 809 
Triacctylolcandomycin, reference preparation 762 

Triacontanoic acid 367 

Triacylglyccrols. Sec Triglycerides 
Triamcinolone 380 

- biological activity 750 

Triangle, geometry. 140,141 

Tricarboxylic acid cycle 390, 391 

- and amino-acid degradation 393 

- in degradation of foods 402 

Triehinella antiserum, reference reagent 764 

Trichloracetic acid solutions, pH values .... 279 

Tricosanoic acid 367 

Tridccanoic acid 366 

Tridccj’Hc acid 366 

Tricnc acids in serum lipids 604 

Triethanolamine buffer 280 sq. 

Triglycerides {tee aho Fats) 365,374 

-accumulation 456 

- in bile 655 

- in cerebrospinal fluid 638 

- in crythroc>’tcs 601 

- in faeces 659 

- formation 426 

- enzymatic hydrolysis 414 

- in plasma 601,604 

- in spermatozoa 685 

- in synovial fluid 642 

Trigonelline in coffee 509 

Trigonometric functions 138,139 

Trihydrox^'cholanic acid. See Cholic acid 

Trihydroxj’coprostanic acid in bile 655 

3a,ll{3,21-Trihydroxy-20-oxo-53-pregnan. 

18-aI 380 

11(3, 17a, 21-Trihydroxyprcgna-14-dicnc- 
3,20-dionc. See Prednisolone 
3a,i7a,21-Trihydroxy-5p-pregn3nc-ll,20- 

dionc 380 


3a,ll{3,21-Trihydroxy-50-prcgnan-2O-onc .. 380 
3a,17a,21-Trihydroxy-50-prcgn3n-2O-one . . 380 
llp,17a,21-Trihydroxyprcgn-4-cnc-3,20- 
dionc. See Cortisol 

9a,lla,15-Trihydrox)'prosta-5,13-dicnoic 


acid 373 

9a,lla,15-Ttihydrox)‘ptosta-5,13,17-trienoic 

acid 373 

9a,lla,15-Tribydroxyprost-13-cnoic acid . . . 373 
2,6,8-Trihydroxi’purinc. See Uric acid 
D-3,5,3'-Tri-iodothyroninc, biological 

activity 727 

L-3,5,3'-Tri-iodothyroninc (Tj) 333,726 

- biological activity 727 

- in liver 727 

- plasma binding 726 

~ test for thyroid function 288 

Trikctohydrindcnc 329 

- hydrate. See Ninhydrin 
4,4,14a-TrimethyIcliolcsta-S,24-dicn-30-ol. 


See Lanostcrol 

4,4,14a-TrimcihyI-5a-choIcstanc in steroids. 

7,8,10-TrimcthyHsoalloxa2inc 

I +].2,4,6-TnmcthyUctracos-2-cnoic acid . . . 

5.7.8- Trimcthyltocol. See a-Tocophcrol 

5.7.8- TrimethyItocotricnoI 

Triokinasc in lactic acid fermentation ...... 

Trioscs 

Triosephosphate in erythrocytes 

Triosephosphale dehydrogenase. See 

Glyccraldchydcphosphatc dehydrogenase 
Triosephosphate isomcrasc (TIM), m 
glucose 6-pbosphate formation from 
glyccratdchydc 3-phosphatc - • • 

- in glycolysis * 

- in plasma 

Triparanol and cholesterol s^-nihcsts 


3BI 

472 

372 

465 

390 

313 

605 


422 

389 

600 

426 


Tripe, composition. 512 

Tripeptidcs, cnzj’matic hydrolysis 409 

Triphosphopyridinc nucleotide. See Nicotin- 
amide-adenine dinuclcotidc phosphate 

Triphosphoric monwstcr hydrolases 386 

Triple point of w’ater 20S, 209 

Trisaccharidcs as lipid component ......... 365 

Tris bufler 2S0 sq. 

Trismalcatc buffer. 2S0 sq. 

Tritium, characteristics 234,292 

t-RNA (transfer UNA) 351,353 

Tropacolin indicators 233 

Tropical year 206 

Troposphere, composition 234 so. 

Trout, composition 515 

Troy units 204,205 

Trp. See L-Tiy-ptophan 

Trunk, surface area 525 

Trj'psin 407 

- in faeces 659 

- inhibition, in pancreatic juice 652 

- in scrum 

- in pancreatic juice. 653 

Trypsinogen 407 

- in pancreatic juice 652 

Tryptaminc, in b/ood 

- in urine 

L-Tryptophan (Trp) 333 

- delayed absorption 4?- 

- in blood 

- in blood proteins 3S1 

- cell constituents from 4a4 

- dietary’ requirements 496 

- in foods 

- hydfoxylation, dchydroascorbic acid and . 4.0 

- 5-hydrox>tr>'ptamine from 441 

- metabolism 398,399,40- 

- B vitamins in 4(3 

- metabolites in urine 

-in milk ^ 

- nicotinic acid from - 

0 

- m sweat 

- in urine 

Tryptophan ox)*genasc, effect of cortieo- 

steroids L- 

TSG (thyroid-stimulating globulin) 

TSH (thyroid-stimulating hormone). Sec 
Thyrotropin 

TSH-RF (thjToid-stimulating-hormone ^ 

releasing factor) ^ 

Tubercle bacilli, lipids ’^eo 

Tuberculins, 

Tuberculostcaric acid. 

Tubules, transport functions 

inborn defects 

- effect of oxytocin and vasopressin . . . 

Tumours, blood, cnzy’me changes 

glyccraldchydcphosphatc dehydrogenase 5^- 

pyruvate kinase ’ 

- bone, Icucocj'tc mobility * * ^ 

- carcinoid, blood histamine ^,1,: 

blood trj'ptaminc '1}. 

5-hydrox^’indolcacetic acid excretion. .. 

plasma 

thrombocj’te serotonin - 

Tungsten, propwics, isotopes, etc 

Tunny, composition * • * 

Turkey, composition 

Turnips, composition 

Tylosin, standard , 1.7 

Tjpihoid antiserum, reference preparation . . 

- %*accmc, reference prcpaniion '•" 

Tyr. See Tyrosine _ 

Tj’raminc, formation from t^TOsinc - 

- in urine 

Tyrosinacmia, familial 

Tyrosinase. See <?-Diphenol oxidate , 

Tyrosine (Tyr) 

- adrenaline and noradrenaline from •.•••• ... 

-in blood 

- in blood proteins ’ 

- cell constituents from 

- dcratboxyhtiort 

- degradation 

- in foods • • • 

- melanin from 7^^ 

- peptide-linked, in thyroid hormone 

formation .t^? 

- from phcnylalinine 

- in saliva 
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costenids 
le hydioxyla 
dienaline for 
ne iodinase n 


6S0 

677 

449,667 

*e, effect of 

749 

.idtenaline end 

on 440 

itfous cretinism . 449 


Uric acid, converaion factors . 

utidiM'JTu^)™".'*. ! 


25! Urine, choline 668 

. . 677,678 - chondroltin sulphate A 668 

..... .. 340 - chorionic gonadotropin . .... 715 

-citric acid . .. 674 

- eiiruUinc 449,667 


jucmassunii) 213,226 

. Urinmrn 
lUndioe 

romeDols 466 

iinenei 403,404,466 

iinone-50 In plasma . ... 609 

See Undine diphosphate 
3 See Undine diphosphate glucose 
ilucote See Undine dipboephale 

ghicoee epimerase in lactic acid 

mentation 390 

glucose-gljeogen glycosyltransferase, 
citbohydnte tyntbeiis and brtaltdovn 441 

icieney . . 451 

glycogen fonnauon from glucose 420 
glucose pytophospborylate, in 
icogen fonnauon Item glucose . . 420 

hcticacidfcrmenution. . 390 

‘glucuronyl tranafeiase In infantile 
mdice ... . . . 576 

iiUcil hlood Sec Cord blood 
P See Undine monophoipbate 
eeyhcteid . . 366 

n ef messuRmeoi . . . 200 tq 

’tnbeli 199 

ecnalume 205 sq 

etl. 318 

igrtdiiion 401 

■ RN.V lynibeiis 1S2 

emia, gestne juice, imnonii 649 

«*• . . 649 

inium, name lines 284 

roperiKs, isotopes, etc 247 

imuml(*"U),ffopetties 247 

iftiumlH“‘Uj. properties 247 

lAium X, (»»*Tb), properties 24j 

iniuBi X| (“•Pi), propertin 244 

iniura Y (“'Th), prepenies 24< 

imumZ (“•Pit, properties 24< 

a*t, lecumdstiea a<i 

In blood jy. 

m cttebnapinjl ffuid 83' 

inavmaticosidation 41i 


» lieeet 


mriulsc hlirii 


- aminoaccione 

- imuto acids 

- et-aniinoadipicscid 

- e-anunobcnaoic acid 

- p snuncbeoxoic acid 

- a ammobutyiK Kid 

- Y-ammobotyeic Kid 

- e.aixunobippunc Kid 

- aminoirudKole eatboi 

- B ammotiobutync acid 

- 8 aminoIacTuIimcKkJ 


- glycine 
-glycolic acid 

- gonadortopiQS 

- gonadotropm-inhibitmg factor 

- guanidiooacetic acid 

- guanine 

- haemoglobin 

- hezosamines 

- hezoses 

- hippurie acid . 


m purin* degrsdaiion 


toiweuna. poephoi,iIu«,g»Q „ 
See CirbeTrrvlaic«ni. 


- bromide 


661,670 
.. 676 
. 664 


’ 475 - a ketogluiat 
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Urine («w/d), ketone bodies 674 

- kctopcntoscs 673 

- kynurentc acid 669 

“ kynurcnlnc 669 

- lactic acid 674 

- lactose 451,673 

- lead 664 

- leucine 667 

~ lcucoc>'tC8 677 

- lipids 675 

- lysine 667 

- magnesium 664 

~ malic acid 674 

ntanganese 664 

maple syrup 448, 449 

- melanin 661 

- mclanotropins 722 

- mcrcaptans 663 

- mercury 664 

- mctanephrinc 668 

- methionine 667 

- 3-mcthoxy«4-hydroxymandclic ncld . . 675, 733 
3‘mcthoxy'4-hydroxyphcnylacctic acid . , . 675 

- 3-mcthoxy-4'hydroxyphcnyIgIycoI 675 

^ 5-mcthoxytr}’ptaminc 669 

a-mcthyl-(3-alaninc 401 

- mcthylaminc 668 

- mcthylguanidinc 666 

- l*mcthylguaninc 671 

- 1-methylhisildinc 667 

- 3-mcthyIhistidine 667 

- 1-methylhypoxanthinc 671 

- l,4-mcthylimida2oleacctic acid 670 

- methylmalonic acid 449,674 

- 1-mcthylnicotinamidc 477,676 

- 1 -methyl -2-pyridonc-5*carboxyjamidc 477,676 

- 5-mcthyltctrahydrofolic acid 479 

- molybdenum 664 

- mucopolysaccharides 668 

- myoglobin 671 

- nicotinic acid 477,676 

- nitrate 664 

- nitrite 664 

>- nitrogen 665 

- - contribution to BMR 539 

" nitrogenous substances 665 sq. 

- non-nitrogenous metabolites. 674,675 

- noradrenaline 668,733 

- normetanephrine. 668 

- odour 661 

- oestradiol*!?^ • • 430 

- ocstriol 430 

- oestrogens and metabolites 756 

- ocstfone 430 

“ organic acids 674 

- ornithine 667 

- orotic acid 453,671 

- osmolarity 533 sq,, 662 

- oxalic acid 674 

- pantothenic acid 488, 676 

- - parathyroid hormone 728 

r peptides 666 

7 pH value 536, 662 

- phenol 675 

-phenols 675 

- - phcnylacetylglutamine 666 

- phenylalanine 667 

- phenylpyruvic acid 448 

- phosphate 663 

- phospholipids 675 

- phosphorus 663 

- physical properties 661,662 

- piperidine 668 

- placental lactogen 721 

- porphobilinogen 670 

- porphyrins 357, 358, 454, 455, 661, 670 

- potassium 

- pregnancy. See under Pregnancy 

- pregnanediol 754 

- prcgnanolone 754 

- pregnenolone 753 

- progesterone 753 

- nrocesteronc metabolites 753,754 

-prolinc 449.^7 

- proteins ^5® 

-purines...... 

- pyridoxic acid 

- pyrimidines “'J 

- pyrocatechol 

- pyrophosphate 

- pyruvic acid ’ 

- reducing substances "73 

-riboflavin 471,473,676 

- 5-ribosyluracil ”71 


Urine, sediments 677, 678 

- serine 667 

- serotonin 669 

- sialic acid 673 

- silicate 664 

- sodium 663 

- solutes, caloric turnover and. 534 

- - protein intake and 534 

- specific gravity 661 

- - osmolarity and 534,535 

- steroid hormones 430 

- succinic acid 674 

- sucrose 673 

- ‘sugar* 673 

- sulphate 663 

- 6-sulphatoxy8katolc 669 

- sulphur * . . . . 663 

- sulphur amino acids 663 

- surface tension 661 

- taurine 667 

- testosterone 752 

-thiamine. 470,471,676 

- thiocyanate 663 

- threonine 667 

- trace elements 664 

- tryptaminc 669 

- tr)*ptophan 667 

- tryptophan metabolites 668 

- turbidity 661 

- tyraminc 668 

- tyrosine 449, 667 

- urea 665 

- uric acid 665,671 

-urobilinogen 661,670 

- urocanic acid 670 

- uromucoids 668 

- uropepsinogen 672 

- uroporphyrin 670 

- valine 667 

- vanillic acid 675 

- vasopressin 723 

-viscosity 661 

- vitamins 676 

- vitamin 676 

- vitamin Bj, 676 

- volatile acids 674 

- volume 661 

- osmolarity and 535 

- water turnover 524 

- xanthine 671 

- xanthurenic acid 669 

- xylose 673 

- L-xyl\ilose 451 

- anc. 664 

Uroaldostcronc 380 

Urobilins 362 

(+)-Urobilin 364 

Urobilin iX-a 364 

Urobilinogen, in faeces 659 

- in urine 661,670 

(+)-Urobilmogcn 362,364 

Urobilinogen IX-a 362,363 

Urocanic acid, in L-histidine degradation . . . 395 

- in sweat 680 

- in urine 670 

Urocortisol 380 

Urocortisone 380 

Urokinase, reference preparation 763 

Uromucoids in urine 668 

Uronic acids 312,323 

- degradation 401 

- in plasma 606 

Uropepsinogen in urine 672 

Uroporphyrins 355,357 

- in cr>'throc)'tc$ 576 

- in urine 670 

Uroporphyrin I, accumulation ............ 454 

- synthesis 454 

UroporphjTin III in haem synthesis 454 

Uroporphyrinogens 356 

Uroporphyrinogen I, synthesis 454 

Uroporphyrinogen 111 in haem synthesis . , . 454 
Uroporphyrinogen isomcrasc in 

erythropoietic porphyria 454 

Ursodeoxycholic acid in bile. 655 

UT (Universal Time) 205 sq. 

UTC (Coordinated Universal Time) 207 

Uteroverdin. 

Uterus, enryme activities 585 

- effect of oestrogens 757,758 

- organic components - 522 

- effect of oxytocin and vasopressin . . . 723, 724 

- effect of plasm.! kinins 742 

- effect of progesterone 754,758 


Uterus, proteolytic enzymes 410 

- weight . . . . 710 

— gain in pregnancy 690 


UTP. See Uridine triphosphate 


V, Sec Vanadium 

Y (volt) 215,216 

(alveolar ventilation) 542 

Kjp (minute ventilation) 542,550 

Kr (tidal volume) 541,550 

r/V-Vacccnic acid 369 

/ranz-Vacccnic acid 369 

Vaccines, standards and reference 

preparations for 759 

Vaginal secretion, 3-glucurorudasc 597 

- phosphogluconate dehydrogenase 591 

Val. Sec L-Valinc 

Valency of elements 234 sq. 

fl-Valcric acid 366 

- in faeces ^50 

Valerjd-cocnryme A in norleucine 

degradation 396 

L-Valine (Val) 333 

- in blood 449,574 

- in blood proteins 5S1 

- in cerebrospinal fluid 

- degradation 395,395,402 

- dietary requirements 

-in foods 316 

- in milk 

- in sweat 

- in urine ^ 

Vanadium, dietary requirements 

- properties, isotopes, etc ^ 

- in urine ^ 

Vancomycin, standard 

VAN DEN Berch 3^ 

VAN Driix protein • ■ • • 

Vanillicacid, from catecholamine breakdown 

-in urine.... ."■•‘••■•.'‘'"-V" 

VAN Sltke’s determination of ammo aods . 

Variance It, 

Vascular driving and transmunl pressures., 

- resistance • 

Vasopressin *76'' 

- standard . . , -.7 

- and urinary concentration 

VC. See Vital capacitj' 

Veal, composition 

Vegetables, amino acids.... 

- composition 

- vitamin losses during cooking 

Vegetable fat, composition 

- oils, fatty acids - 

Velocity, angular, units ^2 

- linear, units 

Venison, composition 

Venous blood, pH value 

- viscosity 

- volume 

Venous blood pressure eS'Ui 5^ 

Ventilation (respirator)’) 542, M 

- function tests 

- maximum voluntary 

determination from respiratory rate ... 

Ventilation/pcrfusion ratio •j'*’ 

Ventricular fluid. See Cerebrospinal fluid 

Verdoglobin in blood * * *2)^ 

Verdoglobin A 

Verdoglobin ” 



Viomycin, reference preparation . . * ^^2 

Viral DMA and RNA, synthesis 

Viscosity units t ‘ veil 

Vision, colour, plates for testing (inside bacx , 

Visual acuity, plate for testing (inside bac co 

- pigments, vitamin A and. . ••••****' ’^J m2 

Vital capacity (VQ. " ’547 

- nomograms 



: »!)<q 

- m blood 5)9 

- in cerebrospinal fluid 

- dietary requirements ' ’55O 

- in faeces iq 

- in foods '^49S 

losses during cooking 55,^ 

- in gasrric juice 551? 

- in milk * 
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Zinc {(ontd), flame lines 284 

- freezing point 209 

- in Icvicocytcs 567 

- in milk 688 

- in org.ins 519 

- in pancreatic juice. 652 

- in placenta and amniotic fluid 522 

- properties, isotopes, etc 236 

- activation of proteases 410 

- in semen 683 

sulphate, dccinormal solutions 277 


Zinc, in sweat 680 

- in synovial fluid 641 

- in urine 664 

Zinc>65, characteristics 292 

- decay table 299 

Zirconium, properties, isotopes, etc 237 

Zn. Sec Zinc 

ZoLUNCnn-ELLisoN syndrome, gastric 
acidity. ^48 

- gastric juice secretion 647 

- gastrin 739 


Zr (zirconium) 237 

2 -transformation 62, 64, 65, ISO 

Zwieback, composition 508 

Zwischcnfcrmcnt. See Glucosc-6-phosphate 
dehydrogenase 

Zwittcrions - 329 

Zymohcxasc. See Frucloscdiphosphatc 
aldolase 

Zymosterol in cholesterol synthesis. . . . 426,427 



